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PREFACE. 



This treatise was origmally produced by the late Samuel 
Hughes, nearly thirty years ago, and by the practical 
information conveyed, at a price within the means of all 
connected with the art, it presented an important new 
feature in the Manufactuke and Distribution of Gas; 
whilst the various editions issued in the originul, and sub- 
sequently in a revised form, fully testify to the desirability 
and popularity of the work. 

During the years that this treatise has been before the 
public, vast alterations and improvements have been intro- 
duced into the art it refers to : by which the cost of the 
production of gas has been reduced one-half, and thus 
companies have been enabled to decrease its price in a 
corresponding degree. This again has induced the public 
to employ gas generally for illumination, so that the pre- 
sent consumption in the United Kingdom, is ten times 
greater than when this work was first issued. 

The successful applications of gas for heating apart- 
ments and buildings, for cooking, as well as for producing 
motive power, are of comparatively recent date ; and its 
superiority for these, as well as for many manufacturing 
purposes, is beyond all doubt. Indeed, judging from the 
results of recent inventions, gas as a motor will in innu- 
merable cases not only replace, but supercede, steam- 
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power, on account of its absence from danger, the economy 
and facility of its adoption, and the various degrees of 
power that can be obtained by its use ; whether no more 
than sufficient for actuating a sewing machine, or equivalent 
to that of many horses. 

All these facts have rendered a new edition of this work 
absolutely indispensable ; and in accepting the task of its 
preparation, I decided on re- writing nearly the whole of 
the work, to omit a number of the old engravings which 
were of too elementary a character, and to replace them 
by a larger number more suitable for the purpose. 

The absence of uniformity of opinion concerning many 
points connected with our subject will of necessity — accord- 
ing to the views of some engineers — ^render the contents of 
this volume at times in fault. To give only one instance 
of this diversity of opinion: the Gas Light and Coke 
Company employ dry meters most extensively for their 
consumers ; whilst there are other Metropolitan and a 
large number of Provincial companies who have the oppo- 
site opinion, and use wet meters only. Therefore, with 
this glaring instance before us, it is evident that my state- 
ments, however accurate, cannot always meet with the 
entire approval of every reader, and that at times adverse 
criticism may arise. 

I have, however, given with candour the results of 
many years' experience; and having taken the utmost 
pains in the production of the present volume, I hope, and 
believe, that it will be acceptable to all engaged in the 
Manufacture and Distribution of Gas. 

WILLIAM EICHAEDS. 
Januarpf 1880. 
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valuable arts wMcli have long since been lost, they appear 
to have been totally unacquainted with the existence of 
gases. This assertion is confirmed by the absence of any 
reference being made to them in ancient history, but more 
particularly by the Scripture, wherein the term smoke is 
applied alike to the vapours arising from burning bodies, 
to the breath issuing from the mouth and nostrils, as well 
as to the vapours from boiling water. Moreover, although 
in Holy "Writ air is frequenlly alluded to, there is nothing 
to lead us to suppose that its materiality, weight, or other 
properties were recognised. Hence, beyond the indefinite 
word "smoke," we may conclude that the nature of any 
aeriform body differing from the atmosphere, and even 
that of the air itself, was in those days unknown. 

Gas-lighting is so intimately associated with chemistry, 
both in its application and progress, that the history of 
the former can only be treated by referring to the latter ; 
however, our observations on these subjects will be neces- 
sarily brief. 

The word chemistry is derived from the Greek, signifying 
the mysterious and dark ; and we may assume that this 
science first had its origin in the study of the metals, to 
which no doubt it was principally if not entirely confined 
during many ages; and although in Scripture we meet 
with one or two modem chemical names, we believe these 
to occur from an imperfect translation, as is the case with 
the word " coals," foimd in the Bible, which material was 
imknown at the periods referred to, and is in some conti- 
nental languages rendered as " carbon " or " fuel," or by 
analogous expressions. 

About the tweKth century a.d. the idea was entertained 
by chemists, or rather alchemists — as the name had been 
altered by the Arabs — ^that by certain means within the 
range of discovery, the baser metals, as lead, iron, &c., 
could be transmuted into gold and silver. In due time it 
was believed that for so desirable a purpose, all that was 
necessary, was to find the '* philosopher's stone," whichi 
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when obtamed, would confer on its possessor not only the 
power of transmuting metals, but also all happiness, health, 
wealth, and long life ; and, singular as it may now appear, 
among these alchemists who vainly sought so wild a 
chimera, were men of the highest order of intellect, and 
who have in other ways vastly enriched our store of 
general knowledge. Nor were their researches confined to 
the transmutation of metals, but they also extended to 
'* Magic," by which it was supposed that any desired 
object could be attained through supernatural agency, 
which could be acquired by study. 

Possessing as they did Hie most implicit faith that such 
inestimable prizes were within their reach, it is not surpris- 
ing that alchemists pursued their fruitless investigations, 
and eicperiments, during several centuries with incredible 
zeal and perseverance ; which were further encouraged, 
by the repeated assertions of many of their class, who 
pretended that they had discovered the long-desired secret 
of transmutation of the metals : whilst one celebrated al- 
chemist was stated to have prolonged his life upwards of a 
thousand years by means of the virtues of his medicines. 

But it is most evident that the primary aim of these 
philosophers, or enthusiasts, was based on erroneous foun- 
dation, without the remotest prospect of success ; yet by 
their invention of crucibles, stills, retorts, furnaces, and 
other apparatus employed in the modem chemical labora- 
tory, they accomplished much good, and their labours were 
eventually of considerable value to science. 

In the course of time, perhaps owing to the repeated and 
continuous disappointments in realising their expectations, 
alchemists began to extend their investigations to more 
rational pursuits. Among the earliest and most celebrated 
of these was Basil Valentine of Erfurth, who lived about 
the middle of the fifteenth century, and who by many is 
regarded as the founder of the modem science of chemistry. 
After him followed Paracelsuis and Van Helmont. In the 
works of Valentine are described the first accurate and 

-n 9. 
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intelligible directions for the preparations of nitric, mu- 
riatic, and sulphuric acids. On producing nitric acid he 
termed it the ** water" or the acid "spirit of nitre." It 
was afterwards called aquafortis ; and, when combined with 
muriatic acid, its property of dissolying gold, is mentioned 
by that author. 

Paracelsus, who was regarded as a physician of wonderful 
ability, and is mentioned by Shakespeare in AlPs Well that 
End% Welly was the first to obtain gas by the action of 
dilute acid on limestone ; but he failed to appreciate the 
importance of his discovery. 

Van Helmont was a native of Brussels, and bom in 1577. 
He first directed his attention to the studies of alchemy 
and magic, both of which were then cultivated as higher 
branches of education ; but it is needless to say that they 
were alike founded on error and falsehood. These he 
left in disgust, and subsequently devoted himself to the 
study of physics generally, at which he laboured during 
the greater portion of his life, but it was not xmtil 
after his death that his valuable researches were made 
known. 

Among the discoveries of Van Helmont, was the existence 
of certain aeriform bodies which differed entirely in their 
nature from atmospheric air. These he observed were 
produced by fermentation, combustion, and the action of 
acids on limestone ; which he at first called " spirit," a term 
then generally applied to all things invisible. In one of 
his experiments he burnt 71 lbs. of charcoal, which jdelded 
but 1 lb. of ashes, and he concluded that the other 70 lbs. 
served to form the "spirit." Van Helmont observes, "There 
are bodies which contain this spirit of which they are 
almost entirely composed, and is therein fixed and solidi- 
fied, and are made to leave that state by fermentation, as 
we observe in the fermentation of wine." He remarks, 
"This spirit, up to the present time unknown, not sus- 
ceptible of being confined in vessels, nor capable of being 
reduced to a visible body, I call bv the new name of * gas,' " 
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which name is believed to be derived from the Flemish 
word '* geest," a spirit. 

Yan Helmont further distmguished himself by his ex- 
periments on air, of which he acquired a tolerably accurate 
opinion respecting its weight and elasticity; but most 
remarkable among his statements is that ''flame is pro- 
duced by ignited vapours." The same opinions were 
expressed many years afterwards by Sir Isaac Newton 
and Yolta. Neimiann, a chemist of the middle of the 
eighteenth century, also describes how that when pitch 
was held over a flame, it emitted a vapour which took 
Are from a lighted paper. These statements show the 
very gradual progress towards the development of gas- 
lighting. 

The flrst recorded instance of producing and storing a 
gas, is that given by the Honourable Robert Boyle, who, 
possessing an ample fortune, devoted himseH to sdentiflc 
investigations. He describes one of his experiments in 
which a number of iron nails were placed in dilute acid, 
when a quantity of "air" was evolved. This he con- 
sidered to bo atmospheric air produced artificially, but 
which was subsequently ascertained to be hydrogen gas. 

All the chemists of tiie middle of the eighteenth century 
refer to the spirit obtained by distilling wood, which they 
termed " fixed air," implying air that had been fixed in the 
substance prior to distillation ; some of whom express their 
surprise how a body could possibly contain a quantity of 
air two or three himdred times greater in volimie than the 
material from which it was derived. At the epoch in 
question the word '* damps," from the Dutch, signifying 
vapours, was introduced into the English language. Tliese 
are described '' as noxious and even fatal exhalations or 
vapours, which infest subterranean places, and particularly 
if the air be not frequently renewed." Hence '* choke- 
damp " refers to suffocating vapours, as carbonic acid gas ; 
and "fire-damp'^ to explosive compounds. 

Burning fountains, arising from inflammable gas issuing 
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from the earth, have existed from remote ages, and, being 
attributed to supernatural agency, they were worshipped as 
emblems of the Deiiy . However, these we now know to occur 
from natural causes, arising from coal or other bitimiinous 
substances having been buried by earthquake, or similar 
means, at such a depth as to be distilled by the heat exist- 
ing in the interior of our globe ; by which the escaping 
gases were expelled through fissures of the earth, and 
being ignited accidentally, or by lightning, the burning 
fountain was produced. 

To a similar cause is due the supposed burning spring 
mentioned by Mr. Shirley in the " Philosophical Transac- 
tions" of 1667, entitled, " A Description of a Well and Earth 
in Lancashire taking Fire by a Candle approached to it." 
In this the author explains that his attention was directed 
to a spring near "Warrington, where it was stated that " the 
water did bum like oyle." He says, "This boyling I 
conceived to proceed from the eruption of some bituminous 
or sulphurous fumes. Then applying my hand to the 
burniQg place of the water, I found a strong breath as it 
were, a wind to blow against my hand. The fumes when 
they broke out of the earth and prest against my hand 
were not to the best of my remembrance at aU hot." The 
author then caused a dam to be made around the burning 
place and the water to be drawn off, when, on applying the 
burning candle to the surface of the dry earth, '* the fumes 
took fire and did bum very bright and vigorous." 

Subsequently the attention of the Rev. Dr. John Clayton 
was directed to a well in the same neighbourhood as that 
observed by Shirley (near Warrington), and it is probable 
that in both cases the same locality was examined, " when 
after having caused a hole to be dug, on the candle being 
put down into the hole, the air catched fire and continued 
burning." This circumstance appears to have suggested 
to Dr. Clayton the idea of making some experiments in 
the distillation of coal, as he says, '* I got some coal and dis- 
tilled it in a retort in an open fire. At first there came over 



DR. Clayton's experiments. 7 

only phlegm " (steam), *' afterwards a black oil, and then 
likewise a spirit " (gas) '* arose, which I could in no ways 
condense, but it forced my lute, and on coming dose thereto 
to repair it, I observed that the spirit which issued out 
caught fire at the flame of the candle, and continued burn- 
ing with violence as it issued out in a stream, which I blow 
out and lighted alternately several times. I then filled a 
good many bladders therewith, and might have filled an 
inconceivable number more, for the spirit continued to rise 
for several hours, and filled the bladders almost as fast as 
a man could have blown them with his mouth ; and yet 
the quantity of coals was inconsiderable. 

''I kept this spirit in the bladders a considerable time, 
and endeavoured several ways to condense it, but in vain ; 
and when I had a mind to divert strangers or friends I 
have frequently taken one of the bladders and pricked 
a hole therein with a pin, and compressing gently the 
bladder near the flame of a candle till it once took fire, it 
would then continue flaming till all the spirit was com- 
pressed out of the bladder ; which was the more surprising 
because no one could discern any difference between those 
bladders, and those that are filled with common air." 

The exact date of these experiments is not known, but 
they are supposed to have been made about 1690, and in 
the account of them we have clearly described the first 
attempts at distilling coal, producing and storing gas, and 
obtaining light therefrom. However, many years elapsed 
before these operations were practically applied. 

From the " Vegetable Staticks," by Dr. Hales, published 
in 1726, we learn, from his ** Analysis of Air," that he 
experimented with innumerable substances in order to 
ascertain the quantity of **air" given off by them in the 
process of destructive distillation, as it is now termed. 
But it is evident throughout that he is in doubt whether 
this air is similar to that of the atmosphere. Among the 
numerous experiments he states, that in one operation he 
obtained 180 cubic inches of air from 158 grains of New- 
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castle coal. The apparatus described by bim consists of a 
retort made of a musket barrel, to wbicb was attached a 
pipe bent at an acute angle, the extreme end of which 
entered the reservoir under water. Thus the air, or gas, 
in the course of production, forced a passage for itself 
through the water before entering the reservoir, which was 
a great progressive step in pneumatic chemistry. 

In this remarkable work we meet with the observation 
by Sir Isaac Newton, '* All flaming bodies, as oil, tallow, 
wax, wood, fossil coals, by flaming, waste and vanish into 
burning smoak, which smoak, if the flame be put out, is 
thick and visible, and sometimes smells strongly, but in 
flaming loses its smell by burning, and red hot smoak can 
have no other appearance." Here we have a very close 
approach to the knowledge of inflammable gas being a 
distinct and separate body, which to this time was not 
understood. That great philosopher Newton asserted his 
opinion long before the discovery of oxygen, or the nature 
of carbon, or hydrogen, was recognised, that the diamond 
consisted of combustible matter; and he suspected the 
existence of an inflammable element in water; both of 
which opinions have beenverifled in a remarkable manner, 
as the combustion of the diamond was effected by Lavoisier, 
thus proving it to be carbon ; whilst hydrogen, first pro- 
duced by Boyle, is one of the components of water. 

A few years afterwards, namely, in 1733, we find in the 
'* Transactions of the Royal Society" a communication 
from Sir James Lowther on the inflammable air issuing 
from the shaft of a coal-mine near Whitehaven. The work- 
men were surprised on sinking to the depth of forty-two 
fathoms to find a rush of air taking place, which caught 
fire from the fiame of a candle and burnt with great inten- 
sity, making a blaze about three feet in diameter and six 
feet high. Several experiments were made on this flame by 
the steward and others, who successively caused it to be 
extinguished by beating it down and smothering it with 
the colliers' hats and again lighting it. At length the 
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heat communicated by the flame was found to \>e very 
inconvenient, as it wanned the pit to a high degree, and it 
was necessary to have recourse to water in order to extin- 
guish it. After this the gas was not again allowed to be 
lighted till the sinking had proceeded down to a depth of 
several feet below the bed of coal through which the gas 
first made its appearance. The part of the pit at which 
the gas escaped was then securely walled off, and a tube 
about two inches in diameter extended up the shaft to a 
height of twelve feet above the surface of the ground. 
Through this tube the gas was allowed to escape into the open 
air, which it continued to do in imdiminished quantity for 
several years. Many observations and experiments were 
made on the gas which was thus discharged from the ex- 
tremity of the tube. It was collected in bladders, tied up, 
and preserved for many days. When a small pipe was 
fixed in the mouth of the bladder, and the gas gently 
pressed out against the flame of a candle by squeezing it, 
it was observed to take fire, and to bum so long as 
the bladder was gently squeezed and the gas expelled. 
This experiment on gas which had been so confined nearly 
a month was made in the presence of the Eoyal Society. 
It was stated that when it first issued from the top of the 
tube the gas was as cold as frosty air, and that it would 
not take &cq from a spark, but required a flame to 
ignite it. 

Here, again, from the cause already mentioned, carbu- 
retted hydrogen was emitted from the earth, without, 
however, conveying any useful lesson. 

In Neumann's '* Chemistry,'* published in 1759, he states 
that inflammable vapours may be collected and preserved 
in bladders, which " after keeping for several weeks a little 
of the vapour forced out near a candle instantly took fire 
as at first," thus demonstrating the permanent nature of 
the gas. 

In 1764 a communication was made by Mr. Jessop to 
the Eoyal Society of London, wherein he related odl^^v- 
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dent that occuired to a workman in a mine in Yorkshire, 
who descended with a torch in his hand, when suddenly an 
explosion occurred, accompanied by a vibration of the 
earth, and the man was severely burnt. Various other 
instances are recorded of these emissions of carburetted 
hydrogen, which on combining with atmospheric air 
forms an explosive compound. In modem times such 
accidents are xmfortunately of too frequent occurrence. 

Dr. "Watson, in his " Chemical Essays," published in 
1767, mentions an experiment on the distillation of coal, 
in which he takes into consideration the residuals only 
obtained, without any reference to the quantity of *' air." 
He says, ** During the distillation there was frequent 
occasion to give vent to an elastic vapour, which otherwise 
would have burst the vessels employed in the operation." 
In the experiment he lost upwards of a third of the weight 
of the coal, and continues, " The matter which is lost during 
the distillation of both wood and coal has been called air, 
and it certainly has one at least of the most distinguishing 
properties of air, permanent elasticity, for bladders may be 
filled with it as with common air." He further remarks 
that the air was inflammable even after it had been made 
to pass through three large vessels of water. 

Hitherto so far as regards gases all had been conjecture, 
for although Van Helmont aflGbmed so positively their 
existence, yet he failed to demonstrate the fact. Boyle in 
producing hydrogen believed it to be atmospheric air. The 
observations of Shirley and the comprehensive experiments 
of Clayton led to no profitable results. In the numerous 
investigations of Dr. Hales the word *'air" only is re- 
tained, and from his description he appears to believe that 
in all cases air similar to that of the atmosphere was 
disengaged; whilst Dr. Watson states positively that the 
matter which is lost during the distillation of both wood 
and ooal has been called '' air." However, it should be 
observed tiiat some ohemietB made a distinction between 
the two kinds of inflammable iur, m faeteafter men* 
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tioned in an extract from a work by the celebrated Dr. 
Priestley. 

In Macquer's " Dictionary of Chemistry," published in 
1771, we find inflammable air called '' gas," adopted from 
Yan Helmont. There it is stated, ** Gas is a name given by 
chemists to the volatile invisible parts which escape from 
burning bodies." The term was, however, very tardily 
admitted into the English language, insomudi as in 
Nicholson's '* Dictionary of Chemistry," published in 
1804, the original term ** inflammable air " is retained. 

We now arrive at the most remarkable epoch in the 
whole history of chemistry, when Black, Priestley, Caven- 
dish, Euthei^ord, Lavoisier, Scheele, and others made their 
wondrous discoveries. And we are struck with amaze- 
ment when we reflect on the immense knowledge acquired 
by these few illustrious men in so brief a period, which 
revealed to us some of the grand secrets of Nature, and 
changed the interpretation of the word chemistry, from 
darkness and mystery, to light and intelligence. 

From the same source as first proposed by'Paracelsus — 
that is from lime by the action of acid — ^Dr. Black of Edin- 
burgh, in the year 1755, produced carbonic add gas. This 
he also designated ''fixed air," and on examining its 
properties he found it entirely different in its nature from 
atmospheric air : which is the first recorded instance of gas 
being produced with a positive knowledge of its properties 
acquired. About 1766 Dr. Macbride, of Dublin, verified 
the experiments of Black, and ascertained that a portion 
of fixed air (carbonic acid) existed in the atmosphere. 

The following year Cavendish invented the pneumatic 
trough, and studied the properties of the gas (hydrogen), 
first produced by Boyle. 

In 1774 Dr. Priestley discovered the gas oxygen, and 
subsequently ascertained, that it was a component of our 
atmosphere, which was the most important event that eve£ 
occurred in the annals of chemistry. Scheele about the 
same period made a very similar discovery. 
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About this time Dr. Rutherford ascertained the exist- 
ence of another elastic fluid in the atmosphere, differing 
in its nature from oxygen, or carbonic acid ; and yet, like 
the latter, it was incapable of supporting combustion ; and 
thus was discovered nitrogen. 

Lavoisier in 1775 demonstrated the composition of atmo- 
spheric air, and six years afterwards, water was discovered 
by Cavendish to be composed of the hydrogen of Boyle, and 
the oxygen of Priestley. The decomposition of water into 
its two elements was made very shortly after by Lavoisier, 
one of the greatest men that ever Prance produced. The 
cause of combustion then became to be understood, when 
the errors of the phlogiston theory, which had been enter- 
tained for nearly a century, were dispelled. 

Nevertheless, with all these great achievements, little 
was accomplished towards the realisation of gas-Hghting, 
as is made strikingly evident by the following extracts 
from Dr. Priestley's ** Experiments and Observations on 
different Kinds of Air," published 1790. 

In this the author says, '* There are different kinds of 
inflammable air, as has been observed by most persons who 
have made experiments with air. That which is com- 
monly observed is, that some of them bum with a flame, 
which may be called a 'lambent flame,' sometimes blue, 
sometimes yellow, and sometimes white, like the flame 
from wood or coal or a common fire ; whereas another 
kind always bums with an explosion, making more or less 
of a report when a lighted candle is dipped into a jar 
filled with it. Of the latter kind is that which is extracted 
from metals by means of adds, &c., and of the former kind is 
that which is expelled from wood, coal, and other substances 
by heat. It is observable that when wood is heated in an 
earthen retort, the first portion" (of inflammable air) 
** burns with a lambent white flame, like that from burning 
wood in an open fire." 

Prom the preceding we learn how closely the art of gas- 
lighting was approached, more particularly in the experi- 
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ments of Dr. Clayton and the observations of Sir Isaac 
Newton ; but there was still wanting the master mind to 
suggest the means of carrying it into practical operation, 
by storing the gas and conducting it through pipes to any 
point where it might be desired to give light and heat; 
and this great merit was due to Murdoch. 

Mr. William Murdoch was an engineer at Bedruth in 
Cornwall^ and in the year 1792 he first entertained the idea 
of employing gas to replace candles and lamps. He subse- 
quently made various experiments on different kinds of 
coal, with the view of arriving at the means of depriving 
the gas of its impurities, together with the best method of 
burning it. We are further informed by Matthews that 
''he had bladders filled with gas to carry at night, with 
which and his little steam carriage running on the road he 
used to astonish the people there." That Murdoch was a 
man of great abilities there can be no doubt, but the con- 
struction of the steam carriage is exceedingly questionable, 
as such an innovation at that time would have excited 
universal attention. Besides, he makes no mention of it 
himself. 

Previous to the year 1781 the only means of retaining 
gases were with bladders — some of which were arranged 
to act automatically— or with pneumatic jars ; but at the 
period stated, the great Erench chemist, Lavoisier, invented 
the gas-holder, substantially as now applied in all gas- 
works. The first publication of this invention in English 
was made in 1789, from which circumstance some authors 
date the invention from that time ; and it is by no means 
improbable that the description of the apparatus in question 
coming under the notice of Murdoch impressed him with 
the practicability of applying gas for lighting ; but whether 
due to this circumstance or not, the merit of first employing 
gas for that purpose, is beyond all question due to that 
gentleman. 

From Dr. Henry's statement, it appears that, in 1792, 
Murdoch actually lighted his own house and o&o.^ ^\» 
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Eedrutli -with gas. He distilled the coal in iron retorts, 
and conveyed tlie gcus tlirougli tinned iron and copper tubes 
to a distance of seventy feet. He used portable gas, carry- 
ing it about with him in a bladder, or in bags of leather or 
varnished silk, also in vessels of tinned iron fitted with 
a small metal tube and stop-cock, through which the 
gas, issuing from a minute orifice, was ignited, and made 
to serve as a lantern in travelling backwards and forwards 
between the mines and his own house. 

Murdoch at this early period made many experiments on 
various kinds of coal, as the Swansea, Haverfordwest, 
Newcastle, Shropshire, Staffordshire, and some kinds of 
Scotch coal. He also tried numerous forms of burners, 
varying in many ways the shape and disposition of the 
orifices for the emission of the gas. Thus in some burners 
the gas was allowed to issue from many very minute open- 
ings, forming a rose like the head of a watering-can, while 
in others it was thrown out in long thin sheets, and again 
from circular openings on the principle of the argand- 
bumer. His attention was also directed to the necessity 
for purifying the gas, and he certainly adopted the expe- 
dient of passing it through water, but does not appear to 
have made use of lime, the first application of which to 
the purpose of purifying, appears due to Dr. Henry and 
aegg. Murdoch pursued his experiments on the gas from 
coal, peat, wood, and other inflammable substances, at such 
intervals of leisure as his numerous other avocations would 
permit, principally with the intention of avoiding the 
disagreeable odour peculiar to it. 

About 1796 Murdoch commimicated to James Watt, 
jun., son of the celebrated James Watt, the engineer, his 
views of employing gas as a substitute for lamps and 
candles, and suggested that a patent should be obtained 
for that object. This proposal was not, however, enter- 
tained by Watt, on account of the heavy expenses his father 
had incurred a short time previously, in defending some 
patents in connection with the steam-engine. 
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In 1798 part of the Soho engine works was lighted with 
gas, when Murdoch exhibited his experiments to a few 
friends, who, in after years, when his pretensions to priority 
in the adoption of gas were disputed, gave their testimony, 
and proved the entire justice of his claims. 

The French engineer Lebon, in 1799, obtained a patent 
in Erance for an economical method of employing fuel. 
In the specification is given simply a description of the 
accompanying drawing, which shows a retort with its 
corresponding furnace and pipes for conveying away the 
products of distillation, without any further explanation, 
beyond stating the materials that might be employed. The 
circumstance of Lebon possessing this patent has caused 
French authors to award him the merit of prioriiy in the 
application of gas. Two years afterwards that gentleman 
obtained a certificate of additions to the patent already 
jnentioned, in which he describes the method of producing 
and burning gas, also the means of obtaining motive power 
therefrom. 

In 1801 the brother of James Watt being in Paris, 
wrote, saying, "that if anything were to be done with 
Murdoch's gas it must be done at once, as there was a 
Frenchman in Paris who had similar ideas, and proposed 
to illuminate that city by these means." However, from 
some unaccountable cause, the patent was never applied 
for ; and it may be assumed that neither Watt nor Mur- 
doch had the slightest conception of the gigantic industry 
they were on the threshold of establishing. 

On the occasion of the proclamation of peace in 1802 a 
public exhibition of gas-lighting was made at the Soho 
foundry; and Matthews, an eye-witness,'^ states, "The 
illumination of the Soho works on this occasion was of the 
most extraordinary splendour ; the whole of the front of 
that ext^isive building was ornamented with a great variety 
cl devices that admirably displayed many of the varied 
Itau of which gas-light is susceptible. This luminous 
wpminde was as novel as astonishing, and Birmin^K^dssw 
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poured f oriih its numerous population to gaze at and admire 
the wonderful display of the combined effects of science 
and art." Murdoch, however, had many difficulties to 
overcome before he attained the perfection exhibited on 
this occasion, but he united sound scientific knowledge with 
great practical skill, and his perseverance enabled him to 
triumph. 

In this year Lebon, akeady mentioned, had his house 
in Paris illuminated by gas, and numbers of people of 
all classes witnessed it with wonder and amazement. At 
the same period Winsor, who afterwards did so much 
for the advancement of gas-lighting, being at Bruns- 
wick, saw an account concerning the manufeicture of 
Lebon's gas for illimunating purposes, which had been 
read before the French Institute; and, to use his own 
words, employed five years after, "the thought struck 
him like an electric shock." Winsor translated the com- 
munication into German and English, which he pub- 
lished as a pamphlet. He also carried out a series of 
experiments in connection with gas-Hghting by distilling 
wood, &c., before the Duke Eegent, Charles William Fer- 
dinand, and his court. And the same year he came to 
England (undoubtedly entirely ignorant of what had been 
achieved by Murdoch), with the intention of carrying the 
new enterprise into operation. 

In January, 1804, Winsor first publicly exhibited, at the 
Lyceum Theatre, in London, the system of illimiination 
by gas. Here he delivered lectures on the subject, which 
he illustrated by a variety of interesting experiments. 
Amongst them he showed the means of conveying gas from 
one part of a building to another, and by the employment 
of different burners was enabled to display the various 
forms which might be given to its flame. He also proved, 
in a very elaborate manner, the various advantages of 
gas-lighting and its superioriiy over all other artificial 
Hght, all of which time and experience have fully confirmed. 

In 1802 and 1803 Murdoch erected works for the supply 
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of gas to the premises of Messrs. Boulton and Watt ; and 
in 1804 Mr. George Lee, of the firm of Messrs. Phillips 
and Lee, of Manchester, had his dwelling lighted by gas 
in order to test its salubrity, previously to its adoption 
in the cotton-mills of the above-mentioned firm ; and the 
following year the mills alluded to were so lighted. Mr. 
Lee's evidence afterwards contributed considerably towards 
overcoming the prejudice which existed against gas-light- 
ing, and to demonstrate its advantages and economy. 

Li his paper of 1805, describing the method of lighting 
these mills, which was published in the "Philosophical 
Transactions" for 1808, Murdoch does not particularly 
mention the process which he followed in making the gas, 
but merely states that the coal is distilled in large iron 
retorts, and that the gas as it issues from them is con- 
veyed by iron pipes into large reservoirs, or gasometers, 
where it is washed and purified, previous to its being 
conveyed through other pipes or mains, to the mills. He 
describes the burners with some minuteness, which were 
of two kinds — one on the principle of the argand lamp, 
and resembling it in appearance; the other a cockspur 
burner, consisting of a small curved tube with a conical 
end, having three circular apertures or perforations about 
one-thirtieth of an inch in diameter, one at the point of 
the cone, and two lateral ones. The gas issuing through 
these apertures forms three divergent jets of flame, some- 
what like a fieur-de-Ua. The whole of the burners erected 
in the cotton-mills amounted to 271 argands, each of which 
gave a light equal to four mould candles of six to the 
pound, and 633 cockspurs, each of which gave a light 
equal to two and a quarter of the same candles. The 
quantity of tallow consimied by each candle was at the rate 
of four-tenths of an ounce, or 175 grains of tallow per hour. 

In his details of the comparative cost of lighting this 
establishment with gas, as compared with candles, Mur- 
doch's comparison is very much in favour of the former. 
Taking an average of two hours per day throughoxsA. 'Ocv^ 
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year, tlie expense of candles would be £2,000 per annum, 
while the cost of gas, including every expense of wear 
and tear and interest on capital, did not exceed £600 a 
year. On an average of three hours per day the com- 
parison is still more in favour of gas, the expense of candles 
in this case being £3,000 a year, while that of gas, esti- 
mated as before, would only amount to £650. 

During his experiments, in erecting his earlier appa- 
ratus, Murdoch tried various forms and means of placing the 
retorts. The earliest kinds were placed upright, with various 
contrivances for extracting the coke which remained after 
the expulsion of the gas. However, many inconveniences 
attended this, as well as other means of *' setting " in which 
the retorts were placed in an inclined position, but in due 
time all the other contrivances gave place to the horizontal 
retort, which is the mode of setting imiversally adopted 
at the present day. 

About the years 1804 and 1805 we find the subject of 
gas-lighting taken up by eminent chemists, such as Dr. 
Henry of Manchester, who ably illustrated the mode of 
making gas in his lectures, and showed how readily and 
economically it might be used as a substitute for oil and 
candles. At this time also we find Mr. Clegg, an able 
mechanician, also engaged in the same establishment as 
Murdoch, where he entered as a pupil of Messrs. Boulton 
and Watt, devoting all his energies to the mechanical 
appliances connected with the successful application of gas. 

Clegg appears to have struck off in the same direction 
as Murdoch, and to have embarked about the same time 
in the erection of private gas-works for cotton-mills and 
other establishments. Thus he was engaged in lighting 
the cotton-mill of Mr. Henry Lodge at Sowerby Bridge, 
near Halifax, at the same time that Murdoch was erecting 
his works at Messrs. Phillips and Lee's mill. Lideed, 
Clegg, jun., states, on the authority of his father's 
journal, that the mill at Sowerby Bridge was lighted a 
fortnight earlier, than the one under Murdoch's direction. 
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In the following years, 1807 and 1808, Olegg proceeded 
to erect gas-works at yarious other mills, also at the 
Catholic College at Stonyhurst, in Lancashire, where he 
first introduced the system of purifying the gas from 
carbonic acid and sulphuretted hydrogen, by passing it 
through lime in a separate vessel. Clegg first used lime 
as a purifying agent by placing it in the tank of the gas- 
holder, and applied an agitator to keep it in motion ; but 
the difficulty of removing the saturated material eventually 
led to its abandonment^ and the adoption of a separate 
vessel. 

In 1808 Murdoch communicated to the Eoyal Society 
a very interesting account of the successful application of 
coal-gas to lighting the extensive cotton-mills of Messrs. 
Phillips and Lee, of Manchester; for this communication 
Count Eumford's gold medal was presented to him. The 
following year Clegg communicated to the Society of Arts 
his plan of an apparatus for lighting manufactories with 
gas, for which he received a silver medal. About the 
same period he erected a gas apparatus for a manufactory 
at Coventry. 

In May, 1804, Winsor obtained a patent for "an im- 
proved oven, stove, or apparatus, for the purpose of 
extracting inflammable air, oil, pitch, tar, and acids from, 
and reducing into coke and charcoal, all kinds of fuel, 
which is also applicable to various other useful pur- 
poses." 

"A metal, brick, or earthen stove, oven retort, or vessel, 
is so constructed to reduce by means of fire and heat all 
raw fuel of any kind into coke and charcoal, without any 
or little consumption of the fuel, by which operation the 
smoke being extracted from all raw fuel, is thus conducted 
through cold air or water into a condenser, where, after 
being sufficiently cooled and purified, it undergoes a natural 
chemical resolution into tar, pitch, oil, add, ammonia, and 
inflammable gas or air. 

** The inflammable gas or air may be led in a cold %\ai^^ 
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througli tubes of silk, paper, earth, wood, or metal, to any 
distance, in houses, rooms, gardens, places, parks, and 
streets (and other places), to produce light and heat, or for 
any other purpose, such as for increasing and multiplying 
force and power." This was the first patent obtained in 
connection with gas-Hghting. 

Having this patent, Mr. Winsor described himself as 
the discoverer, inventor, and patentee of gas-lighting, and 
agitated the necessity of forming a company for its full 
development, so that the streets, shops, and private dwell- 
ings should enjoy its advantages ; but gas-lighting, like 
every other great innovation, was looked^ upon by the 
public with excessive distrust. In the event of its success, 
several branches of industry and commerce were doomed to 
suffer ; many interests were, or supposed to be, at stake ; 
some of the chemical properties of gas were imknown; 
great doubt existed as to its safety, and fears as to its 
salubrity ; indeed, the danger of explosion was magnified 
to the extent that it was asserted and believed, that a town 
could be destroyed by the explosion of the main pipes in 
the streets ; and interested parties, in order to prevent the 
establishment of gas-lighting, did not scruple to appeal to 
the naval glory of the nation, and this shortly after Nelson 
had achieved his great victories. * ' If , " said the opponents of 
the new light — "if this becomes successful, then our naval 
supremacy is gone, for at present we obtain principally 
our artificial light from the whale fisheries : these are the 
nurseries of our best sailors ; therefore, if we destroy the 
one the other must be affected ; if the fisheries no longer 
exist our navy must degenerate." 

These objections and arguments were put forth fre- 
quently by the journals; and "Winsor, who by this time 
had become intimately associated with gas-lighting, and in 
a manner constituted himself its champion, met them with 
that extraordinary courage, perseverance, and zeal which 
so strongly characterized him ; but it is to be regretted that 
although a gentleman of superior intelligence — ^with the 
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great qualities already awarded him — ^he lacked the scien- 
tific knowledge so essential for the fulfilment of his imder- 
taking, and imfortunately he was not aware of this defi- 
ciency. He boldly combated all possible objections with 
unexampled ardour, but often committed the most egregious 
errors, at one time asserting that our atmosphere in its 
pure state was too powerful, and that a mixture of coal- 
gas rendered it more salubrious ; again, that gas would 
not explode when intermixed with air, and that its adoption 
would purify the atmosphere ; whilst the prospectus issued 
by him contained most extraordinary, exaggerated, and 
fabulous accounts of the enormous profits to be derived 
from gas-lighting. All this coml»ned to retard his pro- 
gress, and had he been of a less sanguine nature his task 
would have been comparatirely easy. These errors often 
brought down upon him the greatest ridicule, in which 
some of the leading scientific journals took prominent part ; 
but, undaunted, he still persevered. 

At length, after having struggled during three years 
single-handed, and, as it were, against the opinion of the 
world — ^having by his letters, pamphlets, and lectures 
' proved the advantages of gas — ^Winsor succeeded, in 1807, 
by means of subscribers, in obtaining a capital of £20,000 
preliminary to the formation of a company; which sum 
was intended to demonstrate the practicability of manu- 
facturing and supplying gas on a large scale, also for the 
purpose of establishing a company, and obtaining a royal 
charter. 

He then occupied extensive premises in Fall Mall, on 
the site of the present Carlton Club. On the basement 
were the gas manufacturing and other apparatus to illus- 
trate his lectures, demonstrating the practical utility of 
gas for lighting, heating, and cooking, also its safety and 
salubrity ; the public on certain days having free access to 
take cognisance of the process. From these premises a 
pipe was laid in Fall Mall to the comer of St. James's 
Street westward, and to the Haymarket ea^t^^'c^, ^^Oo. 
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lamp-posts at short intervals, including several in front of 
Carlton House, the residence of the Prince Regent; on 
the 28th of January, 1807, one side of Pali MaU was lighted 
^y gas, and on the King's birthday, June 4th, both sides 
were thus illuminated, and continued so during the sessions 
of Parliament of 1809 and 1810, whilst endeavouring to 
obtain an Act of incorporation and charter ; this being the 
first public street ever lighted by gas. 

The intention of "Winsor and his subscribers, or share- 
holders, in 1808, was to establish a company, and obtain a 
royal charter or exclusive privilege for lighting all the 
British possessions by gas ; for which purpose they pro- 
posed a capital of one million sterling. A memorial was 
accordingly presented to the King, setting forth the advan- 
tages anticipated from the innovation, and the production 
and general employment of coke, praying for the conces- 
sion ; but after the question had been duly considered in 
Privy Council, it was decided that his Majesty could not 
grant the charter of incorporation imtil a BiU had been 
obtained from Parliament, authorising the company. 

The following year Winsor and his shareholders again 
applied, with more moderate pretensions, to be established 
as the ''National Light and Heat Company," but were 
strongly opposed by Murdoch. On this occasion many 
witnesses were examined before a committee of the House 
of Commons, who proved incontestably that gentieman's 
claim, to priority of adopting gas for illumination. The 
evidence given is of the greatest interest ; and the merits 
of Murdoch caused the application to be refused. 

Amongst Winsor' s subscribers were some eminent men 
of the day, and, like himself, of the greatest perseverance 
and zeal. They had already been too familiar with diffi- 
culties to be discouraged by defeat; and again, in 1810, 
they applied to Parliament, and succeeded in obtaining an 
Act of incorporation as "The Gas-light and Coke Com- 
pany," with a capital of £200,000. But the enterprise 
was looked upon as so visionary, that it was asserted, this 
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Act was granted in order to make a great experiment of a 
plan of such extraordinary novelty. 

The royal charter was granted to the company in 1812 ; 
but the privileges accorded by that charter were neither 
liberal nor encouraging, for by it, the company had no 
exclusive right to prevent any other persons or company 
from entering into competition with them. The power and 
authority granted were very moderate; and whilst the 
company were under severe restrictions, they were con- 
fined to the metropolis, and were liable to have the charter 
annulled if they failed to fulfil their obligation. 

The very prominent part taken by "Winsor in establish- 
ing gas-lighting has often been passed over, whilst his 
errors, the result of a very sanguine mind, have been 
displayed with aJl vigour. Peckston only does him justice 
when he says, ** Sanguine in his expectations, indefatigable 
in his exertions, and zealous in his cause, he directed all 
the talents and energy he possessed to the one great object, 
and thus achieved much for the public good ; but with all 
his ardour, his skill, and his exertions, he, like many 
others, achieved but little towards promoting his own 
comfort, or the comfort of his family." 

The Gas-light Company being thus legally established, 
they commenced their operations at a wharf and premises on 
a part of the site now occupied by the Civil Service Institu- 
tion, in Cannon Eow, Westminster ; and there the new in- 
dustry was left in the hands of chemists, who, however com- 
petent they might have been in their legitimate profession, 
were void of that mechanical knowledge and skill so essential 
to their task. Consequentiy nimierous experiments were 
made, at the expense of a large portion of the capital 
invested ; and the shareholders, who had hitherto shown 
such extraordinary patience so long as the enterprise was 
only in project, now, when they saw so much money sacri- 
ficed, and so littiQ done towards commercially realising their 
hopes and expectations, began to lose heart. 

At this period, when the practical application ot ^^^ 
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appeared doubtful, the company had the good fortune to 
engage Clegg as their engineer. This gentleman had 
already acquired considerable experience in erecting gas- 
works. His genius rendered him capable of surmounting 
the greatest difficulties he encountered, and he may with 
justice be said to have established the manufacture of gas : 
inasmuch as to Clegg we are indebted for the system of 
wet-lime purification; the hydraulic main, with its con- 
trivance of dip-pipes for isolating the retorts ; the governor 
or regulator for adjusting the delivery of gas into the 
mains; to which must be added the gas-meter in its 
earliest and most novel form, which was afterwards per- 
fected by John Malam, aided by Samuel Crosley, and will 
claim our attention at a future page. 

These are the principal parts of the mechanism of gas 
apparatus introduced by Clegg, and which have become 
essential parts of gas manufacture, while other con- 
trivances of perhaps equal ingenuiiy and merit have 
not been successful. Among these are the rotating, and 
web retort, the inferential dry gas-meter, the collapsing 
gas-holder, and an apparatus for the decomposition of oil 
tar. A review of his various inventions imdoubtedly 
places the name of Clegg in the very foremost rank of 
those who have advanced the practice and science of gas- 
lighting. 

In December, 1813, Westminster Bridge was first lighted 
by gas ; and in the following year the old oil-lamps were 
removed from the streets of St. Margaret's parish, West- 
minster, and gas-lights put in their place ; this being the 
first parish that applied for a contract to have the streets 
thus lighted. 

In the year 1814, when the allied sovereigns visited this 
country, and a general illumination took place in com- 
memoration of the peace of Europe, the new light was 
brought into requisition, and exhibited to thousands of 
admiring spectators in illuminating a magnificent pagoda 
erected in St. James's Park. This building was by a simple 
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contrivance instantaneously lighted, when ten thousand 
lights burst forth; forming an immense and brilliant foun- 
tain of fire. The following year Guildhall was lighted with 
gas ; and on this occasion the public papers teemed with 
extravagant praises of the new light. Its mild splendour 
was described as ** shedding a brightness dear as summer's 
noon, but undazzling and soft as moonlight, altogether 
forming a magnificent combination worthy the inaugura- 
tion of the presiding citizen of the great city.'' 

After the founders of the gas company had striven 
against and overcome the prejudices of public opinion — ^had 
expended considerable sums in experiments, and incurred 
great losses in canying the new art to a successful issue 
— and gas-lighting had become established — ^this accom- 
plished, and the trade being open to all, there arose rival 
companies in the metropolis, namely the City of London, the 
South London, or Phoenix, and the LnperiaL Other com- 
panies were also established, in Gl^jsgow, Edinburgh, 
Manchester, Bristol, Bath, Leeds, Chester, Gheltenham, 
Macclesfield, Exeter, Birmingham, Eochester; and such 
was the rapid progress of gas-lighting from 1814, that all 
the works in these as in many other towns were in 
operation in the year 1819. 

In 1815 John Taylor obtained a patent for producing 
gas from *' any kind of animal, vegetable, or mineral oil, 
fat, bittimen, or resin, which is, or can be, rendered fluid 
by heat or otherwise," and in order to purify this gas 
it was caused to pass through lime and water, or through 
dilute acids. 

This patent was afterwards acquired by a few influential 
gentlemen when it was practically applied at Apothecaries' 
Hall and other places about 1819. Oil gas then began to 
attract the attention of some scientific men, who reported 
so favourably concerning it, as to induce a few companies 
which were projected to light some towns in the kingdom, 
to construct their works for its manufacture. One great in- 
ducement for such a recommendation was the comparatively 
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small capital stated to be required for the plant of the 
works and mains, on account of the alleged great supe- 
riority of oil gas, as it was pretended that it yielded three, 
and even four, times the light of coal gas ; and consequently 
the works and mains for an oil gas-works would be dimi- 
nished in a corresponding proportion. 

In 1823, when the north side of London was supplied by 
no less than four gas companies, another, the London and 
Westminster Oil Gas Company, was projected. This 
naturally was the cause of considerable alarm to the coal 
gas companies, who resolved to oppose their rival. A 
petition was consequently presented to the House of Com- 
mons, in which was described the rise and progress of the 
Chartered Company, among other points it alluded to 
the "prejudices and diflB-culties they had overcome, the 
sacrifices they had made, together with the hazard and 
expense they had incurred in the course of their opera- 
tions, from which the public had in many respects de- 
rived great advantages." The company also particularly 
noticed the great loss and injury sustained by them, in 
being compelled by Act of Parliament to give up a district 
which produced a rental of £15,000 a year, in consequence 
of a report made by the Lispector of Gas-works, Sir 
W. Congreve, to the Secretary of State ; by which fact at 
that early period the evils of competition were clearly 
demonstrated. 

An investigation was entered into by a committee of the 
House of Commons, which extended over several months, 
when, af fcer several scientific and practical witnesses had 
been heard on both sides, the inquiry terminated against 
the promoters of the Oil Gas Company, at an expense of 
something like £30,000 to the different coal gas companies 
of the metropolis. It should be stated that among the 
witnesses examined were gentlemen who had the managor 
ment of oil gas-works, and who described the loss arising 
from them, and the necessity for employing coal gas in 
order to render their operations remunerative. 
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We learn that in 1819 David Gordon obtained a patent 
for compressing gas into suitable vessels fitted with proper 
valves, and capable of being carried about, so as to render 
it portable. This contrivance, which can scarcely be called 
an invention, as it had been practised by Murdoch many 
years before, led to the formation of the '* London Port- 
able Gkis Company," which had their works established in 
the neighbourhood of Olerkenwell, from where they issued 
the gas compressed to thirty atmospheres, supplied in copper 
receivers of the capacity of about two cubic feet each. 
However, after carrying on business some time, it was 
found that the scheme would not answer, and the company 
was ultimately broken up. About the same time Professor 
Daniell was engaged in an tinsuccessful attempt to make 
gas from resin. It is said that his apparatus was highly 
ingenious, but on trial, the project was soon abandoned, 
from its inability to compete with coal gas. The Act for 
lighting Bristol with oil gas was obtained as late as 1823, 
in spite of the warnings of several eminent engineers that 
the project would prove unsuccessful. The truth of these 
warnings was amply confirmed in the course of a few years. 

Paris was first lighted by gas in 1820, and although 
previously strong prejudices existed against the project, 
yet, when accomplished, it produced a corresponding enthu- 
siasm ; and, to give an instance, a French author of the 
period, writing to a friend, describing the new light, said 
*' where gas-light exists there is no night ; where gas-light 
is there is continuous day." He also mentioned, in the 
most glowing terms, the transcendent beauty of the ladies 
as seen thereby. 

(Jas companies increased very rapidly, but generally with 
very small capitals, as in towns of 20,000 or 25,000 inha- 
bitants in some instances, the capital did not exceed £5,000 ; 
and in 1829 there were no less than 200 gas companies 
established for lighting various towns in the United 
Kingdom. 

The Imperial Continental and the European Gas CoTSir 

n 0. 
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panies were established about 1825, and instramental in 
establishing the former was SirW. CongreYO, the inspector 
of gas-works. 

We now come to the period in the history of gas-light- 
ing when a ruinous system of riyalry existed among com- 
panies ; and when we look back and consider the facts, we 
are at a loss to assign any reason for such extraordinary 
proceedings ; inasmuch as for many years there were but 
few companies that paid their expenses, whilst many were 
on the brink of ruin, yet this did not deter the formation of 
other similar enterprises. Taking as example the metro- 
polis, the Imperial Company from the date of its formation 
for years never realised one shilling profit. The same 
observations apply to the Phoenix and the City of London, 
which were all in operation before 1819, and only one, the 
Chartered, earned very moderate profits. Still, in the face 
of these facts, the London, Equitable, and South Metropo- 
litan Companies were aU established about the same period 
to oppose existing enterprises, with, during many years, 
the worst results; inasmuch as the two first-mentioned 
undertakings, struggled for nearly twenty years without 
earning a dividend, and only at the end of seven years after 
they commenced operations, was the South Metropolitan 
remunerative. 

The effects of that competition are almost incredible, as 
within our knowledge, in districts where there were three 
contending companies, the unscrupulous gas consumers did 
as they pleased. Thus when the supply was discontinued 
on account of non-payment, a mere nominal dex>osit was 
sufficient to induce another company to take the lighting, 
until eventually the " services " of the three companies were 
attached to the premises ; when in some cases the con- 
simier took advantage of this, and the secrecy observed by 
the rival enterprises, and had his premises lighted for 
years without paying either company. 

At that time concessions of every kind were made to 
consumers in order to obtain their custom, sometimes by 
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permitting one or more lights to he supplied without 
charge ; or alterations in the fittings would be done gra- 
tuitously by the company ; and often gas was supplied at 
one-third of the proper scale. Frequently a meter would 
be placed on premises, and a fortnight after a rival com- 
pany would supply them by contract. In short, such was 
the spirit of opposition, that it reached to the point of 
personal animosity among the directors and ofOlcers of the 
rival undertakings. 

Nor was this ruinous system the only source of loss to a 
company, but in addition to this, in consequence of the 
hurried manner in which the mains were generally laid, 
togeiher with the alterations in old and construction of new 
sewers, and the frequent changes of services, escapes of 
considerable importance existed in several parts of London. 
And wherever there was opposition, the ofOlcers of each 
company laid the responsibility on its rivals, and often only 
when the parish authorities insisted, and made their com- 
plaints to the boards of the respective companies, were any 
attempts made to remedy the evil. But more surprising 
stOl was the fact, that in the event of a leaking being 
discovered on the main of a company, at times, it was attri- 
buted to wilful damage on the part of the workmen of the 
rival imdertakings. 

For years that stupid competition existed, which could 
have been easily avoided by some show of conceding on 
the part of the directors of either of the companies ; and 
only to a misguided obstinacy by those in power, was 
due the loss arising from such ruinous proceedings. Op- 
position commenced from the first establishment of g£ts- 
works, sometimes between coal gas companies, in other 
instances between oil and coal gas. The latter, however, 
terminated before 1829. Fortimately in the United King- 
dom this competition is very properiy at an end, with the best 
results both to the public at large and gas undertakings ; 
and wherever it exists, it is to the interest of aU the parties 
concerned to bring about a reconciliation, and either 
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; amalgamate the opposing companies, or to let each, possess 

; and supply a separate district. 

j During the last fifteen years gas has become very exten- 

sively applied for warming dwellings and other localities, 
for heating baths, for cooking and numerous other domestic 
purposes, as well as to obtain motive power, all of which 
will have our attention so far as space permits. We will 
also endeavour to present to the reader all the 'most im- 

] proved methods of manufacturing gas, with a description 

i of the apparatus employed, and the most approved means 

of distributing it. 



CHAPTEE n. 

THE CHEMISTRY OF GAS-LIGHTIKO, 

Chemistry, Organic and Inorganic — The Elements of Chemistry — Com- 
pounds — Analysis — Decomposition — Gases — Tests — Oxygen — 
Hydrogen — Nitrogen — Carbon — Sulphur — Aflfinity — Symbols — 
Combining Proportions — Formula. 

The daily operations of the gas engineer or manager 
are so intimately associated with chemistry as to render a 
partial knowledge of that science^at least so far as regards 
the gases he has to treat with — of the first necessity. It is 
therefore intended to give a very brief outline of it, which 
we trust may engage some of our readers to enter into the 
study of the subject. 

Chemistry is the science which teaches us the composition 
of all materials, and the laws regulating the combination 
of the elements of which they are composed. For the pur- 
poses of study it is usually divided into two branches, viz. 
organic and inorganic chemistry. 

The first branch relates to every living object, from the 
largest being to the smallest animalcule ; likewise all vege- 
table life, from the most stupendous tree to the toinutest 
trace of vegetation. These, having organs of vitality, 
are with much propriety called organic bodies. The other 
class, which consists of inanimate objects, which neither 
live nor die, having no such organs of vitality, are called 
inorganic bodies. 

All organic and inorganic bodies, constituting everything 
accessible to man, consist of, or are composed of, about 
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sixty-four siinple substances, called elements^ -which, are so 
named because they cannot by any known means be 
decomposed, that is, resolved into simpler kinds of matter. 
These elements combine with each other in certain relative 
proportions, and form substances called compounds. 

Of the elements, about fifiy belong to the class of metals, 
as iron, gold, copper, lead, tin, &c., the other fourteen, more 
or less, are of very dissimilar natures ; but those elements 
which immediately interest the ga^s manufacturer are few 
in niunber, being only five, viz. oxygen, hydrogen, nitro- 
gen, carbon, and sulphur, which are of the greatest 
importance on account of their vast abundance in nature, 
because one or more of them exist in almost every sub- 
stance or compound, whilst they all enter into the formation 
of coal, and therefore influence the manufacture, distribu- 
tion, and combustion of gas. 

To render the combination of the elements and the forma- 
tion of the compounds intelligible, we may compare the 
chemistry of our globe to a language having about sixty- 
four letters, each of which letters may be considered to 
represent an element. 

A letter in a language resembles an element in chemistry, 
.inasmuch as neither can be reduced or decomposed into 
anything less than itself. 

Letters combine in various manners and ways to form 
words ; so the elements combine in a similar manner to 
form compoimds. 

The nature of the word is dependent on the letters com- 
posing it, and on their disposition; so in chemistry the 
nature of the compound depends on the composition and 
disposition of its elements. 

And to continue the comparison, the five elements named 
may be compared to the vowels, without which no word 
can be formed ; so few compounds exist without the pres- 
ence of one or more of these elements. 

Hence these letters in unison form the words which 
combined constitute a language ; and the elements form the 
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oomponndB which comprise the earth and all that is on its 
surface. 

The elements which comprise a substance or compound 
are disooyered by employing means to separate them from 
each other, whidi process is called decomposition, and is 
the basis of what is termed analfm. This decomposition is 
very frequently effected by the application of heat ; thus 
the black oxide of manganese, a natural compound, an 
union of two elements, the one a metal called manganese 
and the other ozjgen, when submitted to a red heat in a 
retort is decomposed, part of the oxygen being separated 
and expelled as gas, whilst a lower oxide of manganese is 
left in the retort Here it is obvious that the oxygen now 
existing as gas must have formed part of the solid pre- 
viously to the compound being exposed to the heat, and if 
the solid be weighed before and after the process, the loss 
of weight by the separation of the oxygen will be found 
to be considerable. 

Again, with limestone, a compound of three elements, 
carbon, oxygen, and calcium, or lime — some descriptions of 
which hJEiTe almost a flinty appearance-~on being exposed 
for a time to a great heat, as when intended for building 
purposes, loses about from 35 to 40 per cent, of its weight, 
which is driven off as a compound gas, consisting of carbon 
and oxygen, and called carbonic acid. The residue, 
deprived of these, is entirely altered in its nature, being 
no longer the hard rock, but lime, which crumbles to dust 
on exposure to the atmosphere. Hence the carbon and 
oxygen, which now assume the gaseous state, must 
previously have existed as a solid composing part of the 
limestone. 

The decomposition of coal by heat, as in the manu- 
facture of coal gas, is entirely a chemical operation. Coal, 
as already observed, contains all the Ave elements named, 
and the result of the decomposition is that the greatest 
portion of the hydrogen and the volatile carbon are ex- 
pelled as gas ; a portion of the oxygen and hydrogen form 

3 
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water ; the nitrogen, with a portion of hydrogen, constitutes 
ammonia ; a portion of the sulphur and hydrogen comprise 
the impurity, sulphuretted hydrogen; another portion 
of sulphur imites with carbon, and produces the trouble- 
some impurity called bisulphide of carbon, or sulphur 
compounds in ** other forms." The tar is a compound of 
several of these elements ; and the coke left in the retort 
is fixed carbon, intermixed with earthy substances and 
a minute portion of sulphur. 

Water is composed, hy weight, of one of hydrogen and 
eight of oxygen ; by means of voltaic electricity, it may 
be decomposed into its two component gases, the one being 
liberated at what is called the positive pole, and the other 
at the negative pole of the battery. These gases, when 
collected, are found to be in the exact proportion, hy volume, 
of two of hydrogen to one of oxygen. If we, therefore, 
take into consideration their respective weight and voliune, 
oxygen is found to be sixteen times heavier than hydrogen. 

Now, if the gases produced from the decomposition of 
water be placed in a strong vessel, say a soda-water 
bottle, so as to £11 it, and in the same proportions that 
they were liberated, on a lighted match being appHed to 
the mouth of the bottle, an explosion with a loud report 
takes place ; the two gases ignite, and at the same moment 
re-unite, forming water, which bedews the side of the 
bottle. 

Thus we find by the first experiment that water is resolved 
into the two gasefe of which it is composed; and by the 
second these again are converted into the liquid form — 
striking illustrations of the truth of chemistry. This is 
but one of the many instances where a substance can be 
decomposed and afterwards again caused to assume its 
former state. 

From the foregoing illustrations it is manifest that 
oxygen enters into the composition of solids, as when it 
comprises part of the oxide of manganese,'^ and limestone; 
that it is a constituent part of water; and that when 
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separated from its compounds it exists only as gas. Most 
elements enter into the three different states of aggregation 
— ^the solid, the liquid, and the gaseous state. 

G^ses are permanently elastic fluids ; vapour, or steam, 
convey to us the idea of the bulk of gas. But these by a 
diminution of temperature condense, and become liquid ; 
whereas ^ises, under all ordinary circimistances, are x>er- 
manent in their state. Smoke issuing from a chimney or 
elsewhere is a mixture of several gases combined with 
vapour and small solid particles of carbon, called soot. 

Gkuses are of various kinds, and very dissimilar in their 
properties ; and, although generally invisible, the chemist's 
art teaches him to disting^uish the one from the other with 
the greatest certainiy, so as to render them as palpable 
to the mind, if not to the eye, as the different soHds which 
surround him. Each description of gas has some dis- 
tinguishing characteristic, such as weight, odour, colour, 
power of extinguishing Are, or of supporting its combustion, 
or the manner it acts on particular substances, called tests, 
signifying testimony. 

These tests are substances which are known to change 
in their appearance and nature, in a peculiar and character- 
istic manner, when exposed to the action of certain gases 
or liqtiids. Thus an impuriiy in coal gas called sulphu- 
retted hydrogen — a compound of sulphur and hydrogen 
— when allowed to act upon a piece of paper saturated 
with the acetate, or sugar, of lead, the paper immediately 
becomes blackened, and ultimately assumes a metallic 
appearance, occasioned by the sulphur of the sulphuretted 
hydrogen, entering into combination with the lead, which 
was previously in union with the acetic acid. 

Hence the acetate of lead is one of the substances 
acted upon by the impurity in a perfectly understood man- 
ner, and is, therefore, selected as a test for sulphuretted 
hydrogen. A very general test for discovering the presence 
of adds or alkalies is litmus paper ; which in its natural 
state is blue, but when treated with the least quantity oi 
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a weak vegetable acid, such as vinegar; becomes red, and 
this when acted upon by an alkali resumes its former 
blue colour. The test generally used to detect the pres- 
ence of ammonia is turmeric paper, which is of a peculiar 
yellow colour, but becomes brown when submitted to the 
action of that compound. There are, however, several 
kinds of tests ; amongst them is the method of ascertaining 
the presence of certain gases by means of absorbents, 
which cause them to become fixed, and to assume a liquid 
or solid state. 

With this introduction we will consider the properties 
of the five elements named, and afterwards their combina- 
tion in forming coal gas and its impurities. 

Oxygen, — ^This is by far the most abimdant element in 
nature, and in its gtiseous state forms more than one-fifth 
part of the atmosphere by which our earth is surrounded. 
As a liquid, in union with hydrogen, it constitutes by 
weight eight-ninths of all water ; as a solid, it is a portion 
of innumerable organic and inorganic bodies; and is 
estimated to form about one-third of the mineral crust of 
our globe. 

When &ee, that is when imcombined with any other 
element, oxygen exists only as a gas, and this occurs either 
when it is emitted by the leaves of plants or vegetation, or 
when by the agency of man it is separated from other 
elements with which it is in combination, and forming a 
certain compound or substance. The element in question 
is the support of all animal life and combustion, and 
possesses very peculiar properties ; for instance, a body 
which bums in air, when it is immersed in oxygen gas, 
burns with vastly increased splendour; thus the wick 
of a recently extinguished candle, having the least part 
red-hot, when inserted into a jar of this gas, is im- 
mediately re-Hghted; and a piece of charcoal with the 
smallest point ignited when so treated bums with great 
bnlliancy. 

Oxygen gas is inodorous, colourless, and rather heavier 
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than air ; and it may "be termed the aerial food of animal 
life, for at each respiration a portion of it intermixed with 
nitrogen, composing what we term **air," is received into 
the lungs, which after acting on the blood is ejected, being 
partly converted into the poisonous compound, carbonic 
acid gas. 

It is ahnost unnecessary to observe that oxygen or any 
other element, can only be obtained from a compoimd 
which possesses it, and by adopting means to separate it 
from that compound. Thus chlorate of potash, red oxide 
of mercury, and black oxide of manganese, in common 
with many other substcmces, contain a large quantity of 
oxygen, which is easily separated as a gas, by means of 
heat. 

For example, red oxide of mercury is a mixture of oxy- 
gen and quicksilver, in the form of a red powder ; and if a 
few grains of this be placed in a test-tube and held over 
the flame of a lamp or gas-burner, the heat expels the 
oxygen as a colourless gas, leaving the quicksilver in its 
fluid state. This is decomposition, and was the means flrst 
employed to obtain oxygen by its discoverer. 

But a more economical manner of obtaining this gas 
is by taking a quemtity of black oxide of manganese, 
of which one pound will evolve about 1,400 cubic inches 
of oxygen, placing it in a cast-iron retort, and distilling 
similarly to the distillation of coal for the production of 
gas; the oxygen gas can be collected in a gas-holder or 
other vessel for use when required. One oimce of chlorate 
of potash, by careful application of heat, will afford about 
two gaUons of oxygen. 

Hydrogen. — ^Tlds element is also very abundant, but does 
not exist free or uncombined in nature. It is a constituent 
of all animal and vegetable substances, forming by weight 
one-ninth part of water, and is a portion of most com- 
bustible bodies. Hydrogen gas is colourless and tttsteless, 
and when quite pure is without odour ; it is inflammable 
when issuing from an onflce and intermixing with the 
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atmosplierG, "buming with a faint violet colour, giving 
great heat, but very little light. 

This gas is the lightest substance in nature, being a little 
more than one-fifteenth part of the weight of air. It is an 
invariable component of coal gas, both in a free state and 
in combination with carbon, such as light carburetted 
hydrogen, or marsh gas, olefiant gas, or other vapours of 
carbon combined with hydrogen, and called hydro-carbons. 

Hydrogen for perfect combustion requires eight times its 
weight or half its volume of oxygen, as already demon- 
strated by experiment, the result of the combustion being 
water. In every case wherever artificial light is obtained 
by buming oil, tallow, gas, petroleum, or other analogous 
substances, this production of water is continually taking 
place, arising from the hydrogen composing part of the 
material consumed, imiting with the oxygen of the atmo* 
sphere; and the water is distributed as vapour in the 
localiiy wherever it is produced, unless means be employed 
to condense and collect it. Whenever gas-lights are burned 
in a shop or in an apartment without proper ventilation, 
the vapours are condensed on the cold glass window, an 
inconvenience which is familiar to all ; or a bottle of cold 
water brought into a room where several lights are buming 
is speedily covered with a dew, caused by the condensation 
of the vapours by the cold water. 

A simple way to obtain hydrogen gas is by passing a 
slow current of steam through a small iron tube of about 
an inch in diameter, loosely filled with iron borings ; the 
tube with its contents is placed across a suitable furnace, 
or blacksmith's forge, and heated to bright redness ; when 
the steam on passing, is decomposed into the two elements 
of water, namely, oxygen and hydrogen ; the oxygen com- 
bining with the iron forming the oxide of iron, while 
the hydrogen gas is set free and can be collected in a 
holder. 

Another convenient method is by putting a few pieces 
of zinc into a glass vessel, and pouring on them a mixture 
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of one part of sulphuric acid and four or five parts of 
water ; the gas then rises in bubbles. In this experiment 
the zinc unites with the oxjgen of the water, and sub- 
sequently with the sulphuric acid, and the hydrogen is 
liberated. 

Thus hydrogen exists in soHds forming part of animal 
and vegetable substances ; in liquids as a component of 
water, and can be obtained in its gaseous state by decom- 
posing its compounds. 

Nitrogen. — ^This element is so called from its being the 
basis of nitric acid 'and nitre, and is sometimes named 
azote, from its incapability of supporting life. 

Nitrogen constitutes nearly four-fifths of the air we 
breathe, and serves to temper the effects of the oxygen, 
which, if breathed alone, or even when in moderate excess 
of the proportion stated, would be too energetic. It is also 
a component of all animal tissues, muscles, &c. 

Nitrogen gas is slightly lighter than air. It has neither 
colour, taste, nor smell ; it does not support combustion nor 
respiration ; and is characterized by its negative properties 
rather than by possessing any inherent poisonous qualities, 
such as are peculiar to carbonic oxide, or carbonic acid, as 
hereafter mentioned. Nitrogen is of interest to the gas 
manufacturer on account of its influence on the combustion 
of gas, also because it is one of the components of the 
alkali ammonia, which is always generated during the 
distillation of coal in making gas. 

In order to demonstrate the composition of atmospheric 
air, let us take a cup containing a small piece of phos- 
phorus, which is placed in a dish of water. The phosphorus 
is then ignited, and the cup covered by a bell-glass or a 
glass shade, the mouth of which is immersed in the water. 
The phosphorus, in burning, combines with the oxygen of 
the air enclosed in the glass, producing phosphoric acid, 
and when all the oxygen is absorbed by the phosphorus, or 
has entered into the fresh combination, the phosphorus 
ceases to bum in the absence of oxygen ; the water in the 
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ineantime; "by the remoyal of the yolume of the oxygen, 
ascends in the glass. The gas nndemeath the bell after 
the operation, is nearly pure nitrogen, and the bulk will be 
found to be diminished about one-fifth ; this decrease of 
Tolume being due to the absence of the oxygen which 
formerly existed in a gaseous state and has entered into the 
composition of the flakes of phosphoric add; thus again 
illustrating how a gas can enter into the formation of a 
soHd. 

Carbon, — ^This is likewise one of the most abundant 
elements, and is extensively distributed in nature as a con- 
stituent of all animal and yegetable bodies. It exists in 
the mineral kingdom in various forms — ^very largely in the 
state of coal. It also enters into the composition of some 
earthy bodies, as, united with lime, it forms marble, chalk, 
and limestone. The diamond, although unlike any of the 
substances named, is pure carbon, and is about three and a 
half tunes heavier than water. 

The carbonaceous incrustation in retorts, the soot pro- 
duced by the imperfect combustion of oil or gas, lampblack, 
and charcoal, are all carbon, more or less impure. 

Under ordinary temperatures, carbon has no affinity for 
oxygen, nor is carbon affected by heat, unless oxygen be 
present. Thus the diamond remains imaltered in the hot- 
test furnace if that body is excluded ; but if oxygen be 
present it wiU combine with it to form carbonic acid, at a 
comparatively low temperature. 

The combustion of carbon in air, or oxygen, produces 
light, more or less bnlliant, according to the degree of heat 
to which it is raised. 

Carbon is never found alone in the gaseous state, but 
several gases have the power of combining with it and 
conferring on it that property; but as soon as the com- 
binations are destroyed by the abstraction of the other 
gaseous body the carbon again becomes solid — a most 
important property, which requires especial attention in 
connection with the combustion of gas. 
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Sulphur. — ^This exists in large quantities in'nature, form- 
ing part of the ores of copper, lead, mercury, silver, and 
other metals. It also issues from volcanoes in the form of 
g^ases in great abundance, and its solid state is well known 
under the name of brimstone. It is found in combination 
with coal, as indicated by the bright metallic lamina) which 
intersect it ; these being chiefly a compound of sulphiir and 
iron. Coke, even after having been submitted to a very 
protracted and high heat, still contains a portion of sulphur, 
giving rise to the noxious odour occasioned by burning it 
in confined places. A highly volatile compound of sulphur 
and carbon, namely, the bisulphide of carbon, is produced 
in the distillation of coal, by the combination of a certain 
amount of sulphur with carbon. 

The peculiar, disagreeable odours of many of the com- 
pounds of sulphur are familiar to all, and are the most 
troublesome of aU the impurities of coal gas, the econo- 
mical removal of which has imtil very recently defied the 
chemist's skilL 

Combination of the Elements. 

Having briefly given a description of the various elements 
in chemistry which immediately interest the gas manufac- 
turer, we will now enter on their combinations to form coal 
gas, its impurities, and the results of its combustion. 

By a law of nature all elements have, in their most 
minute particles or atoms, an innate attraction for certain 
others, with which they combine and form compounds. 
This by chemists is called affinity, and by this law of 
affinity, oxygen and hydrogen combine and form water — 
thus by the intervention of the electric spark, or fire, 
these gases unite to compose that liquid. By affinity 
carbon combines with oxygen, producing carbonic oxide 
and carbonic acid. As already observed, sulphur combines 
with hydrogen, and the result is sulphuretted hydrogen. 
Nitrogen combines with hydrogen, and ammonia is pro- 



42 



THE CHEMISTRY OF GAS-LIGHTING. 



duced. And by the action of this afl&nily all the various 
compoundSy or substances in nature, are formed. 

For the sake of brevily and general elucidation, chemists 
have devised a very simple means of describing compounds, 
and at the same time to express their constituent and quan- 
titive parts. For this purpose, instead of writing or naming 
the elements in full, abbreviations are employed, which are 
frequently the capital initial letter of the element to be 
expressed ; or when there are two or more with the same 
initial, then a second small letter is added to make the 
requisite distinction. In those under notice the initial 
only is employed, thus — oxygen is expressed, 0; hydro- 
gen, H ; nitrogen, N ; carbon, C ; sulphur, S ; which are 
called the symbols of their respective elements. Of course 
all the other elements have their corresponding symbols. 

Whenever elements combine with each other it is only 
in a particular and definite manner, which is called their 
combining quantities or proportions, and this occurs by 
weight and by volume, which bear a dyrect relation to each 
other. Those under consideration combine by weight in 
the following proportions, or their multiples : — 



Hydrogen . • 




1 


Oxygen 




. 16 


Carbon . • 




. 12 


Sulphur . • 




. 32 


Nitrogen . 




. 14 



These numbers are called the equivalents of their 
respective elements. 

When gases combine it is always by measures, which 
bear a simple relation to each other in the following pro- 
portions: thus, hydrogen combines with oxygen in the 
proportion of two volumes or bulks of the former with one 
volimie of the latter gas ; hydrogen and sulphur in like 
proportions ; nitrogen and hydrogen in the proportion of 
one to three. 

The chemical expression, or, as termed, formula, of the 



CHEMICAL FORMLLJE. 43 

compositioii of water is H, 0, signifying two atoms or 
equivalents of H (hydrogen) combined with an atom of 
(oxygen). As already stated, hydrogen constitutes by 
weight one-ninth part of water, and by volume two-thirds ; 
whilst oxygen by weight constitutes eight-ninths, and by 
volume one-third ; giving a simple illustration of the com- 
bining proportions by weight and volume. 

In order to give examples of the combination of the 
elements to form compounds and the formula employed : 
— One equivalent or atom of carbon combined with an 
atom of oxygen form carbonic oxide, expressed by the for- 
mula C 0. One atom of carbon with two of oxygen, 
expressed C 0„ constitute carbonic acid. One equivalent 
or atom of nitrogen with three atoms of hydrogen, formula 
N Hg, produce ammonia. By these means the various 
compoimds of gases are formed and expressed. 



CHAPTEE m. 

TEE COMPOSITION OF COAL GAS. 

Constituents of Crude Gas— defiant Gas — Acetylene — Benzole — 
Various Hydro-carbons — ^The Diluents — Light Carburetted Hy- 
drogen — Carbonic Oxide — Impurities — Ammonia — Sulphu- 
retted Hydrogen — ^Bisulphide of Carbon — Other Carbo-sulpbur 
Compounds — Composition of London Gas. 

As already observed, gases are permanent elastic fluids ; 
but coal gas differs in this respect, inasmuch as it is a com- 
pound of permanent gases intermixed with hydro-carbon 
vapours, or compounds of hydrogen, with the vapours of 
carbon in various proportions ; which are capable of being 
condensed by diminished temperature, or absorbed by 
chlorine, bromine, sulphuric acid, and other substances. 

Chemists have defined crude coal gas to consist of 
three constituents, namely, illuminants, diluents, and im- 
purities. The illuminants are certain condensable hydro- 
carbons known as olefiant gas, acetylene, benzole, pro- 
pylene, butylene, naphthaline, and other compounds of 
carbon and hydrogen. 

The diluents are marsh gas, hydrogen, and carbonic 
oxide. The impurities consist of sulphuretted hydrogen, 
ammonia, carbonic acid, bisulphide of carbon, and other 
carbo-sulphur compounds ; and, as shown hereafter, small 
quantities of aqueous vapour, oxygen, and nitrogen gene- 
rally exist in gas. 

The various methods of analyzing gas, in order to deter- 
mine the presence of these compounds, is beyond the object 
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of this work, although a passing reference is made to them 
hereafter. We will, therefore, confine our observations 
only to those points which are of th^ most interest to the 
practical man. 

The Illxtminants. 

defiant gat, or oil-making gas, is so named on account of 
its forming an oil when combined with chlorine or bromine, 
and is called the oil of the Dutch chemists, as it was first 
produced by the members of a scientific association in 
Holland. Iodine also absorbs olefiant gas abundantly, and 
forms a white crystalline substance which melts at 180°, 
and may be sublimed if air be not present. Olefiant gas, 
containing double as much carbon as the light carburetted 
hydrogen, bums with much greater brilliancy, and gives 
out a very superior light. Its density is '981, and the 
weight of 100 cubic inches 30*57 grains. 

Olefiant gas when pure is colourless, its odoiir is very 
slightly ethereal, it is sparingly absorbed by water, and 
bums with a brilliant white flame producing much smoke. 
When mixed with twice its volimie of chlorine and set on 
fire in a tall narrow jar a bnlliant flame descends rapidly, 
muriatic acid being formed, and carbon smelling strongly 
of naphthaline is separated. 

This gas may be obtained by mixing alcohol with five or 
six times its weight of sulphuric acid in a glass retort, 
when, by the gentle application of heat, the gas distils 
over, which may be afterwards purified from carbonic acid 
by agitation with a solution of caustic potash. 

Olefiant gas is combustible and explosive, under similar 
circumstances to light carburetted hydrogen, requiring, 
however, two volimies more oxygen, and is decomposed by 
passing it through a tube heated to bright redness, when 
a deposit of carbon takes place, and the gas becomes con- 
verted into light carburetted hydrogen. If the operation 
be performed with increased heat, the whole of the carbon 
is deposited, leaving the hydrogen free. This illustrates 
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very forcibly the deterioration of coal gas by the deposit of 
carbon in the retorts, and to "whicli the attention of tbe 
reader is especially directed. 

Acetylene, — ^According to Dr. Frankland this is a colour- 
less and transparent gas, having a pecuHar and rather 
unpleasant odour ; its specific gravity is slightly less than 
that of air, being '920, or just 13 tunes heavier than 
hydrogen ; it is tolerably soluble in water, and bums with 
an intensely luminous flame. Acelylene, when added to 
chlorine, explodes by the action of diffused daylight even, 
but especiaUy of the diffused electric light. This explosion 
is attended with a very slight report, but with the evolu- 
tion of a large quantity of carbonaceous smoke. If the 
experiment is reversed, and chlorine added to the acety- 
lene, then the explosion takes place immediately, even in 
perfect darkness. 

Acetylene is a constituent of coal gas, and is probably 
never absent from that gas. It possesses the peculiarity 
of producing a red precipitate when brought into contact 
with subchloride of copper, forming acetylide of copper. 
This acetylene may be produced by a variety of processes. 
The one which, perhaps, most interests us, as being that 
from which possibly the aceiylene in coal gas is derived, 
consists in applying a very high degree of heat to marsh 
gas. Marsh gas, if heated much higher than when it is 
ignited in atmospheric air, is transformed into acetylene. 
That it does not suffer this transformation when burnt in 
atmospheric air we know from the lightless flame which it 
gives. Acetylene is an illuminant of a very high power, 
and it is not improbable that when atmospheric air is pre- 
viously heated for the supply of the marsh-gas flame 
acetylene is produced, which forms the illuminating in- 
gredient in that flame under such circumstances. 

The next illuminant, which also belongs to a different 
family, is benzole. This is contained in coal tar, also in 
coal naphtha, which is distilled from coal tar. It is a 
limpid, colourless liquid, which refracts light strongly, 
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solidifies at the freezing point of water, and boils at 
177** Fah. A large quantity of this vapour can, therefore, 
be taken np by the diluents in coal gas, as when hydrogen 
gas is passed through a flask containing this liquid. 

The hydro-carbons existing in coal gas, among which are 
butylene, propylene, and naphthaline, are classified by 
chemists into no less than twenty-two different kinds, 
which vary respectively in the quantity of the two elements 
entering into their formation. Further reference to them 
is not necessary, as it requires a high degree of skill to 
manipulate with them. 

The Diltjents. 

Light earhuretUd hydrogen, or marsh gas, is a compound 
of carbon and hydrogen, in the proportion of one atom of 
the former to four atoms of the latter, its chemical formula 
being C H^. This compound constitutes the inflammable 
fire-damp of coal-mines, where it is generated sponta- 
neously ; it also proceeds abundantly from the decomposi- 
tion of vegetable substances, and is one of the products of 
the distillation of coal. 

This gas is colourless, nearly inodorous, and does not 
affect vegetable colours, and, like hydrogen, is permanently 
gaseous under intense cold or pressure. It is highly com- 
bustible in oxygen or air, and explosive to a violent degree, 
if mixed with either of these in the due proportion neces- 
sary to convert aU the hydrogen into water and the carbon 
into carbonic acid. However, as the oxygen exceeds or 
falls short of that quantity, so is the explosive power 
decreased. 

Marsh gas by weight contains 12 parts of carbon and 
4 parts of hydrogen. 

Its density is '559, the weight of 100 cubic inches being 
17*41 grains. 

When marsh gas is burned in the air, if allowed to issue 
as a large thick flame, considerable light is obtained. It 
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is possible, however, to bum it without any appreciable 
light, by causing it to issue under great pressure from 
very minute orifices. However, this peculiarity of burning, 
with or without the emission of light, according to the 
circimistances attending the combustion, exists with all 
the gaseous compounds of carbon and hydrogen. 

Pure carburetted hydrogen gas may be respired in small 
quantities with safety. In its natural forms of marsh gas 
and fire-damp it is generally contaminated with nitrogen 
and with a small proportion of carbonic acid gas. The 
unpleasant smell of common coal gas is due to impurities. 

The properties of the diluent hydrogen have already 
been described. Another of these diluents, carbonic oxide, 
or the protoxide of carbon, consists of one atom of carbon 
and one of oxygen, and is prepared in the laboratory by 
passing carbonic add over red-hot charcoal, by which half 
its oxygen is removed, when it becomes converted into 
carbonic oxide. This change explains the mode of its 
formation in the process of distilling coal for gas-making 
purposes. 

Carhome oxide is a colourless inodorous gas, contains 
half its volimie of oxygen, is combustible, and bums with 
a beautiful blue flame, as may be observed on the top of a 
clear coke fire, the product of combustion being carbonic 
acid. This gas is extremely poisonous, even worse than 
carbonic acid, is colourless, and possesses very little odour. 
Indeed, if carbonic oxide be present to the extent of two 
per cent, in the atmosphere, it might prove fatal, and it is 
probably this that kills in the action of suffocation by the 
fumes of charcoal. The specific gravity of carbonic oxide 
is -968, the weight of 100 cubic inches being 30 grains. 
This compound exists more or less in coal gas, but seldom 
exceeding ten per cent, by volume, and generally much 
less. It requires one volume of oxygen for combustion 
and is then converted into carbonic acid. 

Carbonic oxide contributes to the heat of the flame, but 
only indirectly to the light. It is not considered an im- 



THE IMPURITIES. 49 

purity in ooal gas ; although tho fact of its giying off less 
heat than hydrogen, while it absorbs the same quantity of 
oxygen, and produces one volume of carbonic acid — a 
substance always very objectionable— undoubtedly renders 
it highly objectionable. 



The Imfuhities 

SulphureUed hy^ogen, — This is a colourless transparent 
gas, possessing a most disagreeable odour commonly 
compared with putrid eggs. Its specific gravity is 
slightly greater than that of atmospheric air. It is 
very poisonous, occasioning suffocating vapours like those 
arising from tihe burning of brimstone, and if breathed 
is injurious to life. One of its properties is that it dis- 
colours paints, as almost all paints contain carbonate of 
lead, which is acted upon in the same way as the test, 
acetate of lead, which is usually employed to detect the 
presence of the impurity in question. Sulphuretted hydro- 
gen tarnishes metals, changes the colour of most furniture 
hangings ; and when coal gas possessing it is burned, the 
sulphur combines with the oxygen of the atmosphere, and 
forms sulphurous acid. Therefore, with all the various 
evils enumerated, it is of the utmost importance that gas 
should be entirely free from this impurity, and any com- 
pany neglecting this, does a serious injury to their business, 
as well as occasioning considerable annoyance to their 
consumers. 

Previously to purification, about eight feet of sulphu- 
retted hydrogen exist in every thousand feet of gas ob- 
tained from Newcastie coal. 

Sulphuretted hydrogen consists by weight of 1 part of 
hydrogen gas and 16 parts sulphur compound. By measure 
it contains two volimies of hydrogen combined with one 
volume of the vapour of sulphur, being condensed into the 
space of two volumes. Its specific gravity is 1*178, the 
weight of 100 cubic inches being 36*51 grains. 
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THb impiirilry is formed by tlie combinatioii of sulpliur 
and hydrogen at a red heat. Coal of the best (Quality 
contains iron pyrites which intersect it in laminse of bright 
metallic appearance, and when hydrogen comes in contact 
with this compound, at the temperature at which coal is 
generally carbonized, it takes from it a quantity of sulphur 
and becomes converted into sulphuretted hydrogen. 

Ammonia. — This can be removed from gas with the 
greatest facility, and except in the smallest of works, should 
be a source of revenue to a gas company; ammonia is 
produced abundantly in nature from the decomposition of 
animal and vegetable substances, the gas is colourless and 
very pim.gent, acting strongly on the mucous membrane of 
the nose, the eyes, and throat. 

This impurity is produced during the carbonization of 
coal, as already observed, by the combination of hydrogen 
with the nitrogen, which is contained in the coal, as in all 
organic substances, or substances of organic origin. The 
density of ammonia is '689, the weight of 100 cubic inches 
being 18*26 grains. A great part of the ammonia is sepa- 
rated from gas by the condensing apparatus, combined with 
water, and called ammoniacal liquor. This liquor is the 
principal source from which the ammonia is procured ; and 
numerous patents have been taken out at various times 
for improvements in the mode of treating it, in order to 
produce the sulphate, carbonate, muriate, and other salts 
of the compound. 

Ammonia has strong alkaline properties, and its presence 
is detected by moistened turmeric paper, which, when 
exposed to the action of this gas, changes from its yellow 
colour, to a deep red or brown. It is also detected by 
reddened litmus paper, which changes to blue. But the 
most minute quantity that may be present, is ascertained 
by filling a glass flask with the gas to be examined, and 
inserting into it a glass rod previously dipped into muriatic 
acid, when, if ammonia be present, a white cloud of the 
muriate of ammonia is formed in the flask. The means of 
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mannfactunng the impurity and residual in question will 
be the subject of another chapter. 

Aminonia in small quantities is not injurious to health, 
but it acts on some of the metals, as brass and copper 
which compose the fittings and meters, and is so far an 
impurity. Against this, it converts any sulphuric acid 
formed during combustion, into sulphate of ammonia; 
therefore in this respect a very small quantity in the gas 
is beneficial, and must be considered so until means are 
devised for freeing gas from all its sulphiir compounds. 
An eminent chemist considers that a limited quantity of 
ammonia in combination with the gas prevents the deposit 
of naphthaline in the pipes. 

Water absorbs about 700 times its own volume of 
ammoniacal gas, and this property is taken advantage of in 
order to eliminate it from the gas. Ammonia is a gaseous 
body, and that which is usually called so in the liquid state, 
is ammoniacal gas intermixed with water. 

Carhonie acid is another impurity which is always gene- 
rated in the process of manufacturing gas, because oxygen 
exists in all descriptions of coal. Part of this oxygen imites 
with the hydrogen present in the coal, with the production 
of water ; tih.e remainder combines with carbon and generates 
two distinct compounds, namely, carbonic acid, an im- 
purity, and carbonic oxide, a diluent, as described. Car- 
bonic add contains the largest amount of oxygen that ever 
combines with carbon. It is perfectly colourless and 
transparent, and half as heavy again as atmospheric air. 
It is very poisonous, is incapable of combustion, or of 
supporting combustion ; thus it is obvious that it is useless 
in gas. Carbonic acid is not, however, only useless, but is 
an exceedingly pernicious compound, acting in a marked 
manner, and deteriorating the illuminating power of the 
gas with which it is combined, as a mixture of only 1 per 
cent, of it with gas, reduces the illuminating power about 
7 per cent. ; and for this reason alone it is very desirable 
that this impurity should be eliminated. 

D 2 
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Bisulphide of carbon is a compouiid of carbon and sul- 
phur, and is formed wherever sulphur comes in contact 
with red-hot coke or charcoal ; and as a portion of sidphur 
is always retained by the coke during its combustion to 
the last, it is evident that whenever a charge of coal is 
worked off, the longer the red-hot coke is left in the retort, 
the greater will be the quantity of the pernicious compound 
in question. 

Bisulphide of carbon may be produced by heating some 
iron pyrites to redness in a close porcelain vessel with one- 
fifth iheir weight of well-bumed and dry charcoal. It 
may be condensed as a colourless liquid having an acid 
taste and very offensive odour. It is a remarkable solvent 
for indiarubber, boils at 116? Fah., and vaporises with 
great facility. 

Of the other compounds of sulphur and carbon in gas, 
little is understood at the present time. 

By some engineers coal gas is considered to be sufficiently 
pure for commercial purposes when it indicates no traces 
of sulphuretted hydrogen, ammonia, or carbonic acid, 
when tested for these impurities by the ordinary means. 
However, of late years considerable importance has been 
attached to the presence of the bisulphide of carbon and 
other similar compoim.ds as an impurity in coal gas. 
Hence, in all recent Acts of Parliament, the gas to be 
supplied by a company is defined to be of that quality 
that it shall not contain more than 20 or 25 grains of 
sulphur in any form, in the 100 cubic feet. But in order 
to show that an imdue importance has been attached to 
this, we may state that on one occasion the late Dr. 
Letheby examined the gas of 24 towns in the United 
Kingdom, and in 17 of them the quantity of sulphur was 
less than 15 grains, while in 7 it was below 10 grains per 
100 cubic feet. In the proper place we will again refer 
to this subject. 

According to the late Dr. Letheby, the following is tho 
average composition of London gas : — 
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The following table, extracted from a course of lectures 
by Dr. Frankland, gives the comparatiYe illuminating 
power of the gas supplied to various cities and towns : — 
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CHAPTEE IV. 

COAL USED IN GAS-MAKING, 

The Origin of Coal — Coal unknown to the Ancients — Its first Use in 
London — Proclamation forbidding it — The first Patent obtained 
in conjunction with Coal — The Composition of different Kinds — 
Lignates — Tables of Analyses, by Messrs. Lewis Thompson, 
Paterson, and Hislop— The Deterioration of Coal. 

Gas for the purposes of lighting and heating, is generally 
obtained by the destructive distillation of coal, and accord- 
ing to the quality of the coal, and the manner the operations 
of carbonization and purification are conducted, so will be 
the quality and quantity of the gas. 

The origin of coal is involved in some doubt, but the 
theory generally admitted by geologists is, that its forma- 
tion was caused by the deposit of vegetable matter, which 
in the course of ages became converted into coal. Some 
eminent geologists suppose coal-beds to have been ori- 
ginally a kind of peat bog, or immense accimiulations of 
masses of vegetable remains; and that subsequently the 
tracts of country where they existed, by some extensive 
convulsions of the earth, subsided below their former level, 
and were covered by various deposits. Others suppose 
that the trees of primeval forests were carried away by 
floods and rivers and deposited in immense lakes, where 
they were afterwards covered by mud, sand, argil, and such 
like substances, so constituting the covering strata. It is 
further conjectured that the vegetable remains, whether of 
trees, peat, moss, or other analogous substances, being 
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buried, became after many ages conyerted into coal, while 
the deposits were converted into rock, shale, schist, and 
marl, which now intersect and cover the various strata of 
coal. 

This assumption is formed from the fact that in all coal 
there are traces of vegetation, as ferns and even the trunks 
of trees, which are so positive in their form and appear- 
ance, often with the bark attached, as to leave no doubt of 
their origin. This was particidarly the case with the 
Boghead Cannel, wherein the trunks and branches of trees 
were often foimd, the wood having the nature of that coal, 
while the bark resembled caking coal. 

There are various other theories which have their sup- 
porters, and perhaps one of the most feasible is the suppo- 
sition that coal was formerly a deposit of carbonaceous 
liquid similar to petroleimi, and that by crystallisation this 
liquid became coal, such as we find it. Those of this 
opinion argue that the presence of trees and vegetation 
might have been accidental, or probably by the design of 
Providence, in order to assist in the crystallisation of the 
mass. 

Coal appears to have been unknown to the ancients, in- 
deed its use is comparatively of modem date, as the first col- 
liery was opened in the high groimds in the neighbourhood 
of Newcastle-on-Tyne in the year 1238. About 1306 coal 
was employed in London by brewers, dyers, and other 
branches of industry which required large fires; but the 
smoke produced from them became so offensive to the resi- 
dent nobility and gentry, that they remonstrated against its 
use, and in consequence, a royal proclamation was issued 
forbidding the use of coal as fuel in London. Some years 
afterwards, wood fuel becoming scarce, and the population 
and trade of the cily increasing, prejudice gave way to 
utility, when the force of the proclamation diminished, and 
was eventually rescinded. 

The use of coal became afterwards very general, but the 
extortion and abuse of the dealers therein was so excessive, 
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that by Act of Common Coimcil of the City of London, in 
1665, each of the City trades companies was ordered to 
lay up large stores of cOal in summer, which in winter was 
to be vended to the poor at as low a price as possible, con- 
sistent with avoiding any loss. 

The first patent in conjunction with coal was granted in' 
1589, for the purpose of smelting iron therewith. Patents 
were subsequently obtained at various periods for obtain- 
ing oil, pitch, tar, and making charcoal (coke) from coal. 
In 1781 a patent was granted to the Earl of Dundonald 
for '^ a method of extracting or making tar, pitch, essential 
oils, volatile alkali, mineral acids, salts, and cinders from 
pit coals." By this it will be observed that although the 
patentee was well acquainted with most of the residuals to 
be derivedfromr the distillation of coal, yet the most valuable 
constituent, the gas, was entirely lost sight of. A few 
years after this (1791) a patent was obtained for using 
an explosive mixture of inflammable air, combined with 
atmospheric air, to produce motive power — an invention 
which is only at the present day being carried practically 
into operation, and to which we shall have occasion to 
refer hereafter. 

Coal by geologists is divided into four classes, namely, 
anthracite or glance coal; the semi-bituminous; the 
bituminous; and cannel or parrot coal. The anthracite 
consists almost entirely of fixed carbon. The semi-bitu- 
minous is allied to the former, and is found extensively in 
South Wales, and largely used for steam purposes. But 
neither this nor anthracite possesses any interest for the 
gas manufacturer. 

Bituminous, or, more properly called, caking coal, as 
its name implies, in the act of combustion cakes together, 
and when in the retort after a time intumesces, becomes 
of a black doughy consistency, and, having yielded the 
larger portion of its gases, begins to agglomerate and 
increase in temperature imtil it becomes red hot, at which 
point the troublesome sulphur impurities are evolved. 
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The rich caking coals of Northumberland and Durham 
contain from 54 to 70 per cent, of fixed carbon, and from 
4 to 5 per cent, of ash. Some qualities of these ore 
unsuitable for household fires, on accoimt of their tendency 
to coke together and obstruct the passage of the air. As a 
rule, these are very friable, and contain a large quantity of 
'* slock," or small coal, which, although not adapted for 
the purpose mentioned, answer admirably alike for the 
production of gas and coke. 

There are other classes of bituminous coal that do not 
cake, and are suitable for the manufacture of gas, although 
their coke, like that from cannel, retains the form it pos- 
sessed prior to carbonization. 

The other coal which is of important interest for the gas 
manufacturer, is the cannel or parrot coal, with which 
Scotland is particularly favoured. It is obtained to a 
limited extent in the North, also extensively in the Mid- 
land counties, of England. It is likewise found in North 
America, "Belgium, and a few other places. A cannel 
identical in appearance with Boghead, and even of supe- 
rior qualiiy, is obtained in Australia. 

Cannel is the richest of all coals for producing gas of 
high illuminating power. Its principal characteristics are, 
that it has a smooth compact appearance, and is duller in 
colour than other descriptions of coal ; its fracture is fliniy 
or conchoidal ; it decrepitates when submitted to the heat of 
the retort, does not intumesce nor alter in form during 
the process of carbonization; and delivers its gas prin- 
cipally in a lateral direction, the coke resulting therefrom 
showing the laminae whence the gas issued. 

The coke from nearly every description of cannel retains 
the form and size of the coal previously to distillation. In 
its nature it is compact, and resembles charcoal, for which 
it is often substituted abroad. This coke is sometimes used 
as fuel for the furnaces ; but very often an inferior de- 
scription of coal is employed for the purpose, and the coke 
is sold. There is a description of Wigan, also Eamsay's 
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caiinel, wMch gives a coke very similar to the caking coal, 
enabling it to be used as fuel for the furnaces, and it is a 
more marketable commodiiy than that derived from other 
cannels. 

There are other imperfect descriptions called brown coal, 
or lignite, which exist in many parts of the world, known 
also as bituminous wood, earthy lignite, and common lignite. 
Common lignite is of interest to the gas manufacturer, on 
account of its strong resemblance to coal, for which, by an 
inexperienced eye, it might readily be mistaken; when 
distilled it gives off an abundance of water, with a small 
yield of gas of low illuminating power, possessing a most 
offensive sulphurous odour, which lime purification does 
not remove. This material contains very little tar, and the 
residue left in the retorts is simply breeze in cubes. It is 
therefore useless for the manufacture of gas, and only 
serviceable for burning lime, bricks, and other out-door 
purposes. 

All coals are composed nearly of the same ingredients, 
varying, however, considerably in their respective quan- 
tities, to illustrate which a table of the analysis of a few 
classes is subjoined : — 
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2-94 



Coke. 



86-63 
79-11 
82-25 
64-61 
59-20 



35-60 
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The carbon in tlie composition of coal may either be 
fixed or volatile. By fixed carbon is imderstood that which 
does not volatilise when undergoing ordinary distillation, 
but remains in the retort as coke. The volatile carbon 
is that which passes oft as gas, hydro-carbons, and tar. 

The preceding table demonstrates this difPerence very 
forcibly, for in the Welsh coal upwards of 86 per cent, 
remain fixed as coke, and as a consequence this class, 
although admirably adapted for steam purposes, is useless 
for the manufacture of gas. According to the same table, 
the Hastings Hartley yields about 47 per cent, of volatile 
carbon, which renders it a good gas-producing agent. 
But this, on account of its volatility would be ill adapted 
for steam. purposes, as without observing the greatest care 
a large portion of it would pass off as smoke. 

The description of coal required to be carbonized by any 
company will of necessity be controlled by the quality of the 
gas stipulated to be supplied by them, whether according 
to arrangement with the local authorities, or under the 
authorisation of Parliament, or other circumstances. The 
facilities for disposing of the coke will also influence the 
choice of coal to be carbonized. The average defined 
qualiiy for companies supplying gas to towns in England, 
Wales, and Ireland is that ** 5 feet of gas, when consumed 
with an argand burner, shall give the light of 14 candles, 
each consuming 120 grains of sperm per hour." But as 
argand burners are very variable in their construction 
and results, the Metropolitan Gas Eef erees, who to an ex- 
tent regulate the quality of the gas supplied in London, 
have defined the dimensions of the test argand burner and 
chimney, which is described under the head of '* Burners." 

For the description of gas in question — that is 14-candle 
gas — ^the ordinary caking coal of Newcastle and other 
places, as well as some others which do not cake, are suit- 
able. But caking coal is always preferable to the other, 
as aU its little particles agglomerate and form coke ; where- 
as the other, as observed, retains the form it possessed 
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previous to carbonization, consequently the amount of 
breeze -attending its use is always very considerable. 

But in the event of a superior kind of gas to that men- 
tioned being required, then a proportionate admixture of 
cannelwith the common coal will be necessary. However, 
as will be foimd hereafter, the variable quality of cannels 
precludes any rule being laid down concerning the expense, 
or the quantity required to increase the illuminating power 
of gas to any given standard. In Scotiand the gas sup- 
plied is of a very superior description to that furnished in 
the rest of the United Kingdom (if we except a few towns 
in the North), and averages about 25-candle illimiinating 
power, which arises from the fact that cannel is very abun- 
dant in that country. 

With the view of illustrating the composition of different 
kinds of coal, we have copied from Eichards' '* Treatise on 
Coal Gas " tables of analyses by Messrs. Lewis Thompson, 
Paterson, and Hislop, gentlemen who are well known for 
their accuracy in experimental investigations. Mr. Lewis 
Thompson's analyses refer principally to Newcastle coal, 
and give its weight of volatile matter and coke, the per- 
centage of ash, together with the amount of sulphur con- 
tained in the coal and coke, and volatile matter in the coke ; 
and, like the other tables, give the relative value of the 
different coals for the production of gas and coke. 

From the exhaustive analyses by Mr. Paterson of coals 
obtained in various parts of the North of England, we learn 
the exact value of any particular class specified ; the yield 
of gas per ton of coal ; the illuminating power of that gas ; 
the value of a cubic foot in grains of sperm ; the value of 
the gas from a ton of coal in poimds of sperm ; together 
with the weight of coke derived and the percentage of 
ash contained in that coke. To demonstrate the import- 
ance of this table we will take the two extremes, namely, 
the coal from the South Yorkshire Coal and Iron Company, 
which yields 12,300 feet of gas per ton, equivalent in 
illuminating power to 705 lbs. of sperm, and that of the 
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Stayeley Colliery Company, wliicli yields but 9,040 feet of 
gas, equal to only 350 lbs. of sperm. Hence it is obvious 
that the former contains twice the illuminating x>ower of 
the latter, and yields upwards of 25 per cent, more gas ; 
whilst the advantage in the yield of coke with a lower 
percentage of ash is also in favour of the South Tork- 
shire Coal and Iron Company. These are facts that should 
be well considered by every Gas Company when deciding 
on the description of coal for carbonization. 

The preceding table exhibits the results obtained by 
Mr. Hislop from a few of the principal cannels out of 
upwards of 120 kinds from different districts in Scotland. 
The market value of cannels is very largely affected by the 
illuminating agents they evolve. Thus we find that whilst 
Shieldmuir gives a low yield of gas, only equal in value 
to 754 lbs., another class, Inchgall, gives more than double, 
or 1,518 lbs. of sperm per ton of coal. Their value is also 
influenced by the quality of the coke which they afford ; 
a portion of the above number contains from 73 to 85 per 
cent., and one kind only 58 per cent, of carbon, which 
limits their use as fuel, and sometimes renders an admixture 
of a coal which yields a superior class of coke for firing 
purposes indispensable. 

From the preceding we imderstand the great importance 
in the choice of coal for carbonizing ; and if we further 
consider that its cost is often a small item when compared 
with the carriage or freight, it is evident that the proper 
selection becomes a main point in the prosperity of a gas 
company, and that the economy effected of two or three 
shillings per ton in the first cost often literally means a 
loss of several times the supposed saving. This is parti- 
cularly the case in works situated abroad, where the freight 
or carriage is heavy. 

In terminating our observations on this subject, we 
would impress all gas managers with the advice to 
avoid any new class of coal until its quality has been 
thoroughly verified by practical experiments; and when 
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making these experiments a good fair sample should be 
chosen, of not less than a charge of 7 lbs. Quantities of a 
few grains, as recommended by chemists, are likely to 
deceive ; besides with these small specimens the nature of 
the coke cannot be ascertained. In gas-works abroad 
frequently specimens of bituminous shale are offered to 
the notice of the gas manager. However, in no case that 
has come under our knowledge have they assisted ; but, on 
the contrary, the specimens have often been the cause of 
annoyance and trouble. 

Coal, and particularly slack, deteriorates by long stor- 
age, and this deterioration is augmented when the coal is 
exposed to the weather. Works which have the facility of 
obtaining the coal directly, and quickly, from the mine, are 
placed in a much more favourable position, both in the 
quantity and the quality of the gas obtained, than other 
works where a great delay occurs between the periods of 
getting, and carbonizing, the coal. The cause of this 
deterioration is diflB.cult to explain, but that such is the 
fact there can be no doubt, as it is proved daily, and shows 
the desirability of having frequent shipments at intervals 
to works abroad, in order to avoid long storage. 



CHAPTEE V. 

cahbonization. 

Temperature necessary— Clay Retorts generally employed — Charges— 
Importance of Dry Coals — Air-tight Doors of Retorts— Incrusta- 
tion of Retorts — Mode of removing^ — Hydro-carbons absorbed by 
Tar — Anti-dip Pipes— "White's Automatic Valve— Duration of 
Charges — ^West's Charging Apparatus — Fuel for heating Fur- 
naces — ^Percentage of Coke used for — ^Necessity for rapid Sale of 
Coke. 

The first process in gas manufacture consists in submitting 
the coal to the action of a high heat, whereby its destructive 
distillation, or as generally termed carbonization, is effected. 
In practice this is accomplished by placing the coal into 
retorts of fire-clay or iron, which are previously heated con- 
siderably above its point of ignition. 

The retort, being charged with coal, is then hermetically 
closed with a door and luting, or in some cases the door is 
so adjusted as to be gas-tight without the luting, the gas 
having no escape except through the ascension-pipe. By 
these means the coal is decomposed, and the gas evolved, 
and when effectually done, the residue left in the retort 
is simply coke — a substance chiefly consisting of carbon, 
containing neither bitumen, tar, nor other volatile matter 
capable of yielding a useful gas for the purpose of lighting. 

When coal is submitted to a temperature approaching to 
600° Fahr. — ^that is, a very dull red heat as seen in the 
dark, a degree of heat which slowly chars paper, but does 
not inflame it — ^its volatile matter is resolved into tar and 
oil, and little or no gas is evolved. 
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Mr. Young, of Bathgate, turned the knowledge of this 
simple fact to very great advantage, by decomposing 
Boghead cannel at that low temperature by which oil and 
tar only were obtained. These were afterwards purified, 
producing the material universally known as paraffin oil. 
When the operation is properly conducted, the quantity of 
gas evolved at a low temperature is very small, in some 
cases perhaps not exceeding 100 feet per ton, the rest of 
the volatile constituents being condensed into liquid. 

In the carbonization of coal, in proportion as the heat of 
the retorts increases, so is the quantily of gas augmented 
and the tar diminished. Thus at a very low red heat as 
seen by daylight about 6,500 feet per ton are produced, 
and as the heat increases so is the quantity of gas 
augmented. The best temperature for iron retorts, com- 
patible with their durability and good yield of gas, ranges 
from the heat called cherry-red to bright cherry-red ; but 
with clay retorts, that temperature having the colour be- 
tween a dull and bright orange is generally considered 
the most suitable, and gives vastly superior results in the 
production of gas, than can ever be attained by the use of 
iron retorts, which at the present day are very seldom 
used ; and then only in the smallest of works, where the 
operations are very irregular. 

Clay or brick retorts are now used almost exclusively, 
alike in works of the largest magnitude as in those making 
only one million of feet per annum ; the principal advan- 
tages derived from them consisting in their great durability 
and consequently economy, as lihe average estimate of the 
cost of clay retorts for carbonizing is about one penny 
per thousand feet of gas produced, whereas the cost of 
iron retorts was generally considered to be six times that 
amount. With clay retorts and exhauster the temperature 
can be raised to that degree that about seventeen per cent, 
increased volume of gas is obtained from the coal, of an 
illuminating power little inferior to that derived from iron 
retorts. The operation of carbonization is more quickly 
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acoomplislied, as a charge of 2^ cwt. of coal can bo car- 
bonized with clay retorts, as readily as another of IJ cwt. 
with those of iron. Besides, should circumstances necessi- 
tate such a course, the heats of ordinary good settings can 
be speedily raised in such a manner as to carbonize the 
coal in a much shorter time than is usually allowed, with- 
out the fear of injuring the retorts. 

Generally, the charges for the retorts are of six hours' 
duration, although in our opinion five-hours charges are 
more beneficial, but an impediment to their adoption is the 
irregularity of the hours during a succession of days ; 
whereas with the six hours the same benches fall on the 
same hours continually. Many engineers, however, prefer 
the higher temperature of bright orange with four-hours 
charges, by which we often hear of upwards of 10,000 
feet being obtained from a ton of Newcastle coal. 

All coals for carbonizing should be dry, wet coals are 
productive of several evils; as, for example, when first 
charged the humidity is rapidly converted into steam, 
which carries off a large portion of the caloric from the 
retorts ; when their temperature being reduced, according 
to the action already explained, by low heats the volatile 
constituents of the coal are evolved as tar, with a dimi- 
nished yield of gas. It has been stated by a high authority 
that with wet coal a large quantity of hydrogen is pro- 
duced — ^which, however, does not correspond with our ex- 
perience — and we are assured that the heat of the retorts 
is not su£B.cient to decompose the large volume of steam 
given off under these circumstances. Besides on several 
occasions in small works, where an open seal has been 
attached to the condenser, we have observed the great 
quantity of liquor flowing therefrom, when wet coals have 
been charged. Moreover, it has been demonstrated by 
Messrs. Perrot & Schwartz that by carbonizing wet coals 
the quantity of olefiant gas is reduced one-third. For this 
reason, all coals should be kept under cover, with proper 
ventilation, in order to avoid spontaneous combustion, 
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Trhich is liable to occur when coal is stored in a wet state, 
in a confined locality. 

"When retorts are charged, at the time of closing the 
door of the mouth-piece, the gas should inflame ; in the 
opposite case, should a dense volume of black smoke issue, 
it is a proof either that the "heats" are too low or the 
charge of coal too great. And here it should be observed 
that the word '* charge " has two different significations, as 
it means, the quantity of coal placed in the retorts, or the 
time the coal is undergoing the process. Thus we talk of 
a charge of 2 cwt. for each retort, and a five or six hours 
charge. 

One of the modem improvements connected with the 
retort-house is the air-tight mouth-piece door, invented 
by Mr. Morton, which requires no luting. The door is sup- 
ported by a hinge, and so adjusted to the mouth-piece 
that when closed the cross-bar is secured by a handle, 
when an eccentric presses the door with sufficient force to 
prevent any leakage. These doors are made to suit all 
the various forms of retorts, whether D-shape, round, or 
oval. The advantages to be derived from them are — dis- 
pensing altogether with luting, with all its trouble of 
trimming and cleaning the lids; avoiding the accidental 
loss of gas from breakage of the lute ; dispensing with 
the most arduous part of the stoker's duty, the taking off 
and putting on the lids ; and the promptitude with which 
these mouth-pieces is closed, is admirable. The prices of 
these lids are moderate, which are repaid by the advantages 
enumerated in a few months, and only the most ordinary 
care is necessary to retain them in good working order 
during a series of years, as proved at the Beckton and 
other large works. 

A very essential point in the carbonization of coal is to 
keep the interior of the retorts free from incrustation, and, 
indeed, as far as possible, to prevent it accumulating. 
This incrustation is a solidification of the heavy hydro- 
carbon or the richest parts of the gas, and whenever gas 
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is subjected to a high pressure and great heat these are 
deposited within the retort in great abundance.. 

This incrustation entails several disadvantages — it ob- 
structs the passage of the caloric to the coal, and oon- 
sequentlj increases the fuel and labour ; by the space it 
occupies more retorts become necessary, so increasing 
the capital invested ; and wherever it abounds the coke is 
always of inferior quality. In iron retorts, where the 
heats are not so high as in those of day, supposing both 
to be subject to the same pressure, this deposit does not 
take place so speedily; but it is always in excess in the 
hottest part of the retort, which is generally the closed 
end, and diminishes towards the mouth in proportion to 
the reduced temperature. 

When day retorts are at the most advantageous tem- 
perature, and the gas in them is under a pressure of about 
18 inches — ^by no means uncommon when the exhauster is 
not in use — two or three weeks are sufficient for a very 
inconvenient accumulation of carbon in the retorts; but 
when the pressure is diminished by the exhauster to about 
one inch, the same quantity of accumulation would require 
from two to three months. 

The mode sometimes adopted to dear out this carbon 
is to project from a tube a small jet of steam on to the 
crust attached to the roof of the retort while it is heated 
as usual. The oxygen of the steam combines with the 
carbon which gradually diminishes, and when suffidently 
thin it can be easily detached by means of a chisel bar, 
and on being removed from the roof, like an arch without 
the key, the deposit of the sides breaks away in large 
lumps. But in the present advanced state of gas manu- 
facture, the chisel bar should never be employed, as by it 
often retorts are broken and rendered unfit for service. 
The proper method of removing the carbon incrustation is 
by a periodical cleansing ; for this purpose the retorts are 
exposed to the action of the atmosphere, the heats being 
kept up as usual, and the door is placed in its position, 
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leaving about half an incli space between it and the mouth- 
piece, when the air enters and gradually cleanses the retort. 
It is always advisable to clear out this deposit before 
it becomes too thick ; if neglected, its accumulation is very 
rapid. 

In order to avoid the deposit of carbon in the retorts, the 
pressure should be as low as possible, and to attain this 
object the dips of the hydraulic main ought never to be 
immersed to a greater depth than one inch ; and if an 
exhauster be employed, this should be connected directly 
with the hydraulic main, when it can be worked at "level 
gauges," 80 leaving a pressure of one inch on the retorts. 
When no exhauster is employed, every means should be 
adopted to lighten the back pressure, by limiting the thick- 
ness of the purifying material, and if possible counter- 
balancing the holders. 

Within the last few years attempts have been made to 
dispense with the dip pipes in the hydraulic main, on the 
grounds that they give considerable pressure, and that 
a portion of the hydro-carbons are absorbed by the tar 
in their passage. Without giving credence to all that 
may be said in disparagement of the dip, we cannot forget 
the absorptive action of the tar in the hydraulic main, and 
that by this some of the richest constituents of the gas are 
absorbed ; and if any proof of this were requisite it exists 
in the fact that tar on distillation, yields those very con- 
stituents. 

Thus it is evident that the hydro-carbon vapours issuing 
from the coal during carbonization, are absorbed by the 
tar, which, passing into the hands of the tar distiller, 
are reproduced as naphtha or other hydro-carbons, and 
are sometimes afterwards employed in the production of 
" air gas " or carburetted air. Hence that which was lost 
in the first instance, and should have been conveyed with 
the gas, is eventually consumed by the intervention of air. 
That this is a palpable error in gas manufacture there 
can be no doubt, since it is admitted by several writers on 
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the subject that tar has a great affinity for the hydro- 
carbons, and, once absorbed, they can only be separated 
by distillation, as already observed. With the view of 
remedying this evil, within the last few years various in- 
ventions of anti-dip pipes have been produced, possessing 
more or less merit, but in nearly all the attention of the 
workman is required to open and close them at every 
charge. This, however, is dispensed with in White's 
automatic valve, which we believe to be the best method 
of obtaining the desired end. 

This apparatus consists of a small clack-valve placed at 
a slight angle to the perpendicular position; enclosed in a 
box, in connection with each ascension pipe. The valve is 
constructed in such a manner as to open outwards with a 
pressure of two-tenths of an inch of water ; thus, on the 
retort being charged, the valve is opened by the gas, and 
remains open so long as gas is produced, and that pressure 
exists. But when the supply ceases, the valve closes and 
prevents the gas returning. On applying this valve in 
some cases the hydraulic main is dispensed with, and the 
ascension-pipe, is continued by a bend and horizontal pipe, 
at right angles to the former, to the back of the single 
benches, where a horizontal pipe conmiunicates with each 
of the valves. 

These valves in practice as in theory are perfect, as by 
the action of the weight the gas must be shut off when 
desired, and yet by the lightness of the valve beyond the 
slight pressure mentioned, it offers no resistance to the 
passage of the gas. By disinterested persons we have 
been informed of the complete success of the automatic 
valve, after having been in operation about a year without 
requiring the least attention, and which has resulted in a 
larger yield of gas per ton of coal carbonized, and of 
superior quality to that obtained with the hydraulic main. 

In a remarkably well-conducted works, we have seen 
these valves in combination with the dip, to which they 
act as a by-pass, and give the greatest satisfaction. 

E 
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When the ascension-pipes are placed too close to the 
furnaces, or when the wall of the furnace is not sufficiently 
thick, the pipes are heated to such a degree that the tar in 
its passage is deposited therein as pitch, thereby causing 
9. speedy obstruction. 

Some kinds of coal yield their gas with much greater 
facility than others ; for instance, the better classes of cannel 
will deliver their gas in four hours, whereas a like quantity 
of slack when submitted to the same heat would demand 
six hours. Hence, according to the class of coal employed, 
so will be the duration of the charge. 

"When caking coal is charged in a retort, after a time it 
begins to intumesce, or boil, emitting its gas from each 
bubble; subsequently it becomes a black doughy mass, and 
when nearly all the gas is evolved it begins to increase in 
temperature, and on becoming red-hot attains the brittle- 
ness of coke ; and once the mass is incandescent, the coke 
should be withdrawn from the retorts, so as to prevent the 
emission of the sulphur compounds, which are then gene- 
rated. 

In small works, which do not permit of the necessary 
men being employed to work double retorts, single retorts, 
generally about eight feet long, are used. The beds or 
ovens for these are placed side by side, and extend the 
length of the retort-house. In works of larger magnitude 
they are placed back to back, are open throughout, and 
are charged simultaneously at both ends. These are called 
double or through retorts. 

Betorts are sometimes charged by means of the shovel, 
when the process is necessarily more tedious than with the 
scoop, and the expenses of labour for carbonization in- 
creased. With the scoop three men at least are necessary 
for each '* shift" for day or night service. 

The number of men required to carbonize a given quan- 
tity of coal depends on the size of the works. At extensive 
establishments each man carbonizes from five to six tons 
of coal per day. In Scotland formerly (and perhaps the 
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system at present exists), it was sometimes the custom for 
the stokers to be engaged by piece-work. 

As a point of economy in carbonization, the retort-house 
should be payed, that portion near the benches with hard 
fire-bricks, the other with Yorkshire flagging. Each ash- 
pit should also be provided with a plate by which the 
opening is covered during the time of charging the retorts, 
in order to prevent any coal from falling into them. At 
the end of each charge the place opposite the benches 
should be swept up, and the coal placed for the next charge, 
so. that the retort-house is always in an orderly condition, 
all of which is essential to proper working. 

The coke as drawn from the retorts should be quenched, 
and sold as quickly as possible, in order to avoid the labour 
of stacking, and the loss arising from storing, by the coke 
crumbling to breeze. Wherever coke is stacked for a 
considerable time, the loss is very great, as is made evident 
by the cart-loads of breeze which are removed at the time 
of clearing the stack. We believe that it is more profitable 
to sell the coke as produced say at 12s. per chaldron, than 
to stack and keep it for twelve months and sell it at 18s. ; 
for it is not only in the loss of the coke which is crushed 
into breeze, but the whole of it is rendered smaller, and thus 
depreciated in value. 

Stoking by machinery has been repeatedly attempted, 
but the only successful plan with which we are acquainted 
is that invented by Mr. West, as employed at Maidstone 
and several other works. This apparatus is extremely 
simple and effective ; for it skilled labour is unnecessary, 
and the economy derived from its use is sufficient induce- 
ment for its general adoption. Had the inventor been a 
more prominent member of the gas profession, he would 
have experienced little difficulty in introducing his excel- 
lent invention. However, it is being gradually adopted 
by several works of considerable magnitude, and in due 
time its value will no doubt be fully appreciated. 

E 2 
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Fuel used m Heating Furnaces. 

The fuel commonly used for heating the furnaces is the 
coke produced in the retorts after the gas is expelled ; the 
quantity u^ed of course varying according to the quality of 
coal and coke, the construction of the furnaces, and the 
magnitude of the operation. When Newcastle coal is used, 
the carbonization is seldom effected, except in very extensive 
establishments, with less than 22 per cent., or rather less 
than one quarter of the coke obtained ; that is to say, to car- 
bonize a ton of coal, about 8 bushels, or 3 cwt. of coke will 
be required as fuel for the furnaces. 

Cannel coal does not give a coke sufficiently good for 
heating the retorts, consequently in most Scottish works 
an inferior kind of coal is employed for that purpose. 

Coal is usually spoken of by weight, and coke by 
measure. Newcastle coal generally yields about 1 chaldron 
of 36 bushels, or from 13 to 14 cwt. of coke for every ton 
of coals. 

The quantity of coke which remains for sale after heat- 
ing the retorts depends on various circumstances, such as 
the magnitude of the works : the description of setting of 
retorts : whether these are constructed on scientific prin- 
ciples, in order that the fuel may be thoroughly effective, 
and no more heat is allowed to radiate than can be con- 
sistently avoided : or whether the settings are built without 
these considerations. Essential also to strict economy of 
fuel is proper care in controUing the dampers of the 
benches, so that there may be a sufficiency of draft, but 
avoiding any excess : as by an insufficiency the fuel will 
not give the desired heat, and an excess will always 
be attended with considerable waste of fuel. Deep 
and narrow furnaces are generally preferred for retort 
settings, as by these means the air in its passage through 
the fuel becomes highly heated, approaching a white heat. 
The hot air, or caloric, is afterwards dispersed through 
the setting, and its passage therefrom is checked by the 
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damper of the flue, placed at the entrance to the main 
flue. 

Within our recollection, at many gas-works the damper 
was unknown, and as a natural consequence the fuel used 
for heating the furnaces was excessive in the extreme. 
This, under such circimistances, must always be the case, 
as the damper is the point of separation between the 
interior of the oven and the atmosphere, and is really the 
means of preventing the escape of the caloric. Therefore 
the smaller its orifice the more effectually will that escape 
be prevented; however, at the same time the orifice is 
required of sufficient capacity to allow the proper draught, 
or current of air to the furnace. With a moderate draught 
for a setting of five retorts, each capable of distilling two tons 
of coal in the twenty- four hours, the opening in the damper 
will not be more than five square inches ; but this will be 
controlled by the state of the atmosphere, which has much 
more influence in the manufacture of gas than is generally 
believed. 

An important consideration also is that the fire-bars of 
the furnace should be properly clinkered, in order that the 
air may have a free passage to the fuel, and that the ash- 
pan should be properly supplied with water; which, in 
addition to preventing the furnace-bars from burning out, 
by the evaporation of steam, becomes a source of fuel, 
as it is decomposed into its two elements, hydrogen and 
oxygen, the former a combustible, the latter a source of 
combustion. 

In works of the largest capacity the fuel used for car- 
bonizing often does not exceed 18 per cent, of the pro- 
duction, and we are assured by several gentlemen, en- 
gineers of moderate-sized works, that their carbonizing is 
effected with 22 per cent, of the coke produced. Of course 
it is understood that under these circumstances only caking 
coal is carbonized. Hence, if we suppose 36 bushels of 
coke to be obtained per ton of coal, less than 8 bushels 
of coke would be sufficient to carbonize that quantity. 
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According to our experience 25 per cent, of the coke 
is sufficient in all works of moderate capacity for car- 
bonizing, and whenever this is exceeded the operations are 
badly conducted. In smaller works of a make of fifty mil- 
lion feet per annum, the percentage of fuel for carbonizing 
is increased ; and as works diminish in magnitude, so does 
the fuel for carbonizing augment, imtil arriving at those 
with a ** make " of one million feet per annum, where all 
the coke will be required to heat the retorts. 

The percentage of fuel is often influenced by the manner 
the coke is sold ; thus if we suppose that to be measured 
with strict care, it is evident that a greater quantity will 
be represented as sold, and consequently less will be 
estimated as being consumed in the furnaces : whereas if 
the coke is freely measured, the estimated percentage 
employed in the furnaces will be augmented; and so 
imcertain is this method of determining the amount used 
as fuel, that we find by the returns of the Metropolitan gas 
companies three years ago, one company charged 40 per 
cent, more per chaldron than another, and yet no great 
difference existed between the amounts received for coke 
of the two companies, per ton of coal carbonized. 

When there is not a sale for the tar, or when there is a 
great demand for the coke, tar may be employed advan- 
tageously for heating the retorts, thus entirely replacing 
coke for that purpose. For this object sometimes the set- 
tings are built with a large arch inmiediately over the fur- 
nace, which is rendered necessary on accoimt of the tar acting 
as a flux on any brickwork in immediate contact with it. 

When employing tar as fuel the best method that we 
are aware of is represented in the annexed figures. The 
elevation (Fig. 1) indicates the position of a furnace-door 
as ordinarily employed, and if we suppose tar is required 
to be used, the space of the door would be bricked up as 
shown, leaving an orifice, a, for conveying the tar, water, 
and air into the furnace as represented in section in 
Pig. 2. There is also another orifice, h, of about the same 
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dimensions as the former (2^ inches square) at the bottom, 
for the supply of air. Also the gutter, c, which may be of 
angle-iron or a piece of fire-clay slab, projecting about 
3 inches within the wall, and the same distance on its 
exterior. 

The small pipe extends to the side of the buckstave, 
to a height of 5 feet from the ground, where it is open, 
and surmounted by a funnel of about 3 inches in diameter, 
into which the tar drops. Another pipe brings the tar 
from the hydraulic main, which is always preferable on 
account of its freedom from dirt, and its liquid state. This 
pipe terminates about a foot above the funnel, and to it is 
attached a lantern-cock, provided with a few inches of 
i-inch lead pipe, which can be bent in such a manner as to 





Fig. 1. 



Fig. 2. 



cause the tar to flow with facility into the funnel. In 
addition there is also a small pipe to convey a small por- 
tion of water, supplied by a tap, into the funnel. 

Should the tar be required to replace coke, the fire-bars 
should be removed, when the ash-pan is .filled up with 
lime or clinkers, or the two combined, to the level of h. 
All being arranged as described, it is ready for use. The 
alteration from coke to tar may be made in an hour. 

The tar from the hydraulic is then adjusted by the 
lantern-cock to a stream of about one-twelfth of an inch in 
diameter, and the water is regulated to flow in drops of 
about eighty to the minute. The tar and water flow by 
the pipe on to the gutter, and thence into the furnace, 
as shown in section, producing a very vivid flame at the 
point a in section, whilst the excess of tar falls below, 
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where accTimiilatmg as a solid in front of the orifice h, it is 
rendered combustible, producing beat by the air entering 
at that orifice. Practice will soon indicate the proper 
quantity of tar required, as well as the precise size of the 
orifices for the admission of the tar and air. 

A furnace may be heated by this system during several 
months, when all that is necessary is the proper delivery of 
tar and water, and occasionally, once in three or four hours, 
to pass a rod into the channel c in order to clear out any 
obstruction, and once in twelve hours to remove a few 
ounces of the accumulation in front of the orifice b. When 
properly arranged no smoke issues from a furnace heated 
by tar. 

There is one point that should be impressed on the 
mind of every manager, that is the necessity for realising 
a good portion of the cost of coal from the sales of coke. 
In some places where coal is cheap and coke much in 
demand, the cost of the coal is repaid by the returns from 
the residual in question ; and in all localities, whether in 
the tropics or the most northern countries, in works of large 
and medium capacity, at least 33 per cent, of the cost, sup- 
posing in aU cases this to be caking coal, should be derived 
from the sales of coke ; and whenever this is not effected it 
arises from a want of proper management, which may be 
due to imperfect settings of retorts, or inattention to the 
dampers, or bad administration. 

Recently we saw at the Phoenix Gas Works a definite 
measure for a sack employed. This is a cylinder of light 
material of 1 foot 6^- inches diameter by 2 feet llj- inches 
high internally. The general use of this would avoid the 
vagueness at present existing in the sales of coke. 
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GENERAL CONSTRUCTION. 

Remarks on the choice of Site— Plan of Works— The Retort-house and 
Buildings— The Coal-store — ^Purifjring-houso — ^Engine, Boiler, and 
Exhauster-house — Station-meter and Governor-house — Chimney 
Shaft. 

Choice of Site for Gas-Woeks. 

Within the last few years the application of gas has 
extended in a remarkable manner, alike for lighting, for 
heating apartments, and cooking, as well as for other 
domestic and industrial purposes ; which extension is no 
doubt due to the improvements which have been intro- 
duced into every department of its manufacture and 
distribution, and its reduced price. 

Among the most important of the former are the means 
of transporting coal, and at the present day, instead of 
imitating the choice of sites of the Chartered Company 
at their first establishment, when they placed all their 
stations at a considerable distance from water-side com- 
munication, the first consideration of gas companies, is to 
choose sites by which economy in the transport of coals and 
other materials is secured. Thus we find works having 
only a make of 50,000,000 feet per annum provided with 
their siding in connection with a railway, from which the coal 
is carried into the retort-house ready for carbonizing ; and in 
some instances gas-works are placed in direct communication 
with the mines, so that the coal passes direct from the mine 
to the retort, through the hands of the stoker only. Thus, 

£ 3 
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when compared with former times, when the coal was 
shipped, afterwards transported by barge, conveyed by 
canal, and subsequently carted, and trimmed before car- 
bonizing, all of which materially increased its cost, the 
present system shows on this point alone a vast improve- 
ment and economy. 

In other cases the river and canal are the means of 
transport for a gas company. An example of the former 
exists at the Beckton Gas- Works, the largest in the world ; 
where there are high-level and low-level lines of railway 
extending throughout the works. Also a pier or landing- 
stage at the river, with six steam cranes, by which three or 
four vessels can be discharged at one time, and no less 
than 10,000 tons o:c coal can be delivered into the works in 
one day. At these works there are 2,100 retorts or 4,200 
mouth-pieces in action in the depth of winter, producing 
24,000,000 cubic feet per diem, and on the average 2,000 
men are engaged daily. Locomotives are also employed for 
propelling the coal and coke waggons ; steam-power is used 
for pumping the ammoniacal liquor and tar ; and finally, 
this establishment has a special line of railway of about 
two miles long for its service. Such is the gas-works of Beck- 
ton, which, whether regarded for its magnitude or efficiency, 
must be pronoimced the most complete in the world. 

But with all these resources, all these appliances, that 
works is not placed in a more favourable position than 
many of the medium-sized establishments, for the simple 
reason that its very magnitude necessitates these extra- 
ordinary means of discharging vessels and transport ; and, 
it may be observed, that works of the smallest descrip- 
tion are capable of producing the same quantity of gas from 
a ton of any given coal as the largest, provided they employ 
the same vigilance and heats, with the same description of 
retorts ; and in a few cases medium-sized works, by reason 
of their limited capital for a given quantity of gas pro- 
duced, are placed in even more favourable conditions than 
the large works in question. 
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Nor does the important change in the operations of gas 
companies consist only in the economy of transport, but also 
in almost everything connected with gas. Improvements 
have been introduced in the means of carbonizing and 
purification ; mains have been increased threefold within 
the last 28 years; during that period clay retorts have be- 
come almost universally applied; vast improvements have 
been made in the means of consuming gas, in order to 
obtain increased light therefrom ; also in the method of con- 
trolling the pressure in the mains in hilly districts ; all of 
which have been introduced within the last few years. By 
these improvements the cost of the production of gas 
has been materially diminished, which has enabled the 
companies to reduce its price to the present scale, with ad- 
vantage to themselves and to the benefit of the public ; 
whilst the employment of gas has become more general, 
for its various applications to heating and cooking, as 
already enumerated. 

It may be briefly stated that the large quantity of coal 
consumed in a gas-works renders it desirable to avoid any 
superfluous expense in its transport; therefore means 
should be adopted to attain that end, and although it may 
demand extra capital for its realization, when the interest 
of this is fairly compared with the saving likely to be 
effected, it will be found in all cases advantageous to 
choose the site, either in the immediate vicinity of a river, 
a canal, or a raiboad. It is true that a greater length of 
mains may be required in some instances, which wiU enter 
into the estimate of the cost, but this will be amply com- 
pensated for. 

However, another point for reflection is the best neigh- 
bourhood for the disposal of the coke, as it is well known 
that the nearer the works are to a population, the more 
fadlities are offered for the purpose in question. There 
are other circumstances depending on the relative value of 
property, the means of acquiring it, the nature of the 
ground, whether suitable for the economical construction 
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of the edifices, or if liable to be submerged by heavy floods. 
These are points which demand serious attention. Lastly, 
the sanitary question has to be considered, by the adoption 
of a locality where there is no probability of interference on 
the part of the local authorities, who are too often disposed 
to be antagonistic to the gas company. 

Years ago objections were raised against placing gas- 
works in the lowest part of the district, in a town having 
a great difference of level, and where one part was con- 
siderably higher than another. These objections were 
based on the fact, that the pressure in the mains augments 
considerably according to the increased elevation ; which 
augmentation is usually estimated at one-tenth of an inch 
of pressure for each ten feet, or one inch for 100 feet 
of increased elevation, assuming there is little or no draught 
from the main. Thus if we suppose the most populous 
part of the town to be situated 200 feet above the lowest, 
and the mains supplying the locality to be charged with 
gas, then if the pressure were at level gauges at the lowest 
point, it would be two inches in the higher localities ; and 
this existing throughout the whole of the day, the loss 
from escapes under these circumstances would be con- 
siderable. This at one time was urged as an objection 
against placing the works in the lowest part of the district; 
which has, however, been removed by the invention of 
the main regulator to which we will hereafter refer. 
Moreover, as the lowest part of a town offers the greater 
facilities for the transport of the coal, in the majority of 
cases this will be the most favourable position for a gas- 
works. 

It, however, happens very unfortunately, according' to our 
observations, that the smallest of works, in which the 
strictest economy is necessary in order to earn a dividend, 
are often situated a considerable distance from the railway, 
by which the cost of the coal is greatly increased. In such 
cases, whenever the question of extension may arise, it 
should also be directed to a removal of the works, or at 
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least tlie retort-house, to a more eligible position, for 
gas is far, very far, &om attaining its full development. 

Plak of Works. * 

The art of designing and building a gas-works is gener- 
ally beyond the requirements of the gas manager ; but as 
in many cases he is left dependent on his own resources, 
we give a few hints with the hope that they may be 
serviceable. 

Previously to the arrangement of the plan of works, the 
nature of the ground chosen for the site should be ascer- 
tained, which is readily done by sinking a pit to the 
desired depth of the foundations of the intended gas- 
holders, when a guide is obtained as to the mode of con- 
struction and the cost. Should water be abundant within 
a short distance of the surface, then in most cases cSrSt-iron 
tanks for the gas-holders will have to be decided on. If 
the substratum be of clay, ordinary earth, or gravel; a 
brick, stone, or concrete tank for the gas-holder can be 
constructed with facility and economy, according to the 
nature of the material most available. Should the site be 
"made ground," that is ground which had formerly been 
transported from elsewhere, then extraordinary precau- 
tions in the foundations become necessary; and should 
rock be encountered, the question then arises whether it 
would be more advantageous to excavate and build the 
tank in masonry, or avoid the excavation by erecting an 
iron tank. 

Lastly, in the event of the ground being marshy, the 
depth of the solid substratum should be ascertained, which 
is accomplished by probing with a J-inch round iron bar 
in a vertical position, and in the event of the solid not 
being found at a convenient depth, in many cases it may 
be advisable to choose another site, in order to avoid the 
risk and expense attending the construction in such 
ground. But when the solid is found at a reasonable depth, 
it then becomes a consideration whether the excavation of 
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the whole of the buildings shall be continued to that point, 
or whether the foundations and holder shaU be built on 
piles. The limits of this work prevent us entering more 
into detail on these points. 

The price of building materials and their nature must 
also influence the arrangement of a plan of works. In 
some parts bricks and puddle are abundant and cheap ; in 
other places neither are to be had, unless at an enormous 
cost for transport, which renders their employment entirely 
out of the question. "Whatever may be the nature of the 
building material in the locality where the works are to be 
erected, it is always wise to adopt it, and should the bricks 
differ in size with those used in England, it is unwise and 
costly to attempt to get others made. 

In designing a new works there are a few rules to follow ; 
and amongst ihem are, to construct in such a manner, that 
at a future period, when required, the works may be 
increased without much demolition. The retort-house may 
be so arranged as to be doubled hereafter ; the groxmd so 
disposed a-s to admit of extra gas-holders, and suflB.cient 
space left for increase of purifiers. The entrance of the 
works ought to be placed, when practicable, at that part of 
the site, nearest the locality to be supplied. 

In the disposition of the various buildings, the manager's 
or foreman's dwelling should be at the entrance, in order 
that all may be under the immediate notice of the residing 
responsible person. The offices, store-rooms, and weigh- 
bridge — ^for the purpose of weighing the coal as it enters, 
and the coke, when sold by weight, as it leaves — should 
immediately adjoin the dwelling. A plurality of entrances 
to a works ought to be avoided. 

For the purpose of preventing the expense of unnecessary 
transport, the coal-stores, coke spreading floor, and shed for 
coke should adjoin the retort-house. Sometimes a part of 
•the coal-store is paved with bricks on edge, which serves 
for spreading-floor, and for quenching the coke. 

The purifying-house, tar tank, lime, and other purifying 
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material store, are generally separated from the rest of the 
works, and placed where they may bo considered the least 
offensive. When there is plenty of room the gas-holders 
are usually placed at some distance from the other 
buildings ; but provision should always be made for future 
extensions. 

Old works, which have been altered frequently from 
time to time, to suit the demands on them, do not afford the 
same facilities for excellence of design as those of more 
modem construction. 

The buildings of gas-works of the present day are far 
superior to those of even twenty years ago. Now in the 
majority of cases they are highly ornamental structures, 
obtained by a superior class of gas engineers, at a slight 
augmentation of the capital formerly required for the 
massive imsightiy edifices then in existence. 

We are indebted to Mr. Wyatt, the constructing engineer 
of the Gas Light and Coal Company, for the drawings of 
the elevation and plan of a gas-works suitable for a town 
of 10,000 inhabitants, which forms the frontispiece of this 
volume. In the drawing the elegance of design, charac- 
teristic of that gentleman, is obvious, which is acquired at 
a cost not exceeding that of the plainest building as often 
constructed, arising from the fact that all superfluous 
material is dispensed with and only that actually demanded 
for the edifices, with ^suitable ornamentation, are adopted. 
As may be observed in the drawings, the whole is laid out 
with skill, the various buildings are so situated as to insure 
economy in the operations, and ample provision is made 
for extension. All the parts being described, no reference 
to the drawings on our part is necessary beyond the simple 
statement, that the whole may be taken as a model of 
design. 

The capital required for gas-works is variable : for 
modem works from £500 to £800 per million feet per 
annum is about suflB.cient ; or if the capital be estimated 
according to the population, from 25s. to 35s. per head 
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may be calcidated. The capital of old-established Works 
usually surpasses these estimates, and in some instances 
the excess is very material, arising from the high price 
formerly paid for the mains, apparatus, and the necessary 
contingencies attending their first establishment* The 
general improvement in the modem construction of the 
various apparatus, contributes also to the diminished price. 

When gas-lighting is properly developed, which mainly 
depends on the company supplying, according to the quality 
and price of the gas, and the facilities afforded for its 
adoption, the average consumption per head is from 2,000 
to 3,000 feet per annum. "Whenever the consumption of 
a town is proportionally smaU, as a rule, it arises from 
mismanagement, or want of energy on the part of the 
company. 

In some few instances, however, the capital of companies 
is extravagantly great, when the price charged for gas is 
high in proportion ; whilst in other cases the capital has 
been reduced to the lowest extent per 1,000 feet of gas 
produced, by judicious management, and setting aside a 
portion of the profits realised, for the purpose of improve- 
ments and extension. 

An ordinary gas-works comprises the retort-house, coal- 
store, purifying-house,, engine and exhauster, station- 
meter and governor hoiises, valve and regulator room, 
workshops, dwellings, and offices, with the ordinary appli- 
ances for testing the quality of the gas, the yard and 
chimney, together with the necessary plant for the manu- 
facture of the sulphate of ammonia, all of which will be 
treated upon in due course. 

The Retort-hottse and Buildings. 

The retort-house, as its name implies, contsdns the ovens, 
or, as more generally termed, "settings "or '^benches" 
of retorts, in which the operation of distillation or carboni- 
zation of coal is conducted. With very few exceptions this 
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is a rectangiilar building, covered usually with iron princi- 
pals, and slates or tiles, and sometimes, although rarely, 
with sheet-iron. 

The retort-houses of large works some years ago were 
limited to 50 or 52 feet in width, but they are now generally 
built 75 feet wide, whilst the largest retort-houses of the 
Beckton works are 100 feet in width and 480 feet long. 
As this work, however, is intended for those interested in 
small establishments, our attention will be more particularly 
directed to them. 

For the very smallest of gas-works, having only one 
retort, no rule concerning the dimensions of the retort- 
house can be given, beyond the simple observation that 
for the proper working of the rake, a dear space equal to 
at least one-haK more than the length of the retort should 
be allowed. 

In small works, the retort-house is usually about 26 
feet wide, which, allowing 12 feet for the width of the 
retort stack with the space that is usually left between it 
and the wall, together with the mouthpieces, leaves 14 feet 
dear for working. There should always be an intervening 
space between the ends of the stack and the walls of the 
retort-house; as in the absence of this, when the stack 
abuts against the wall, the latter is bulged out by the ex- 
pansion of the brickwork on its becoming heated. In 
retort-houses of this width, of course only single settings 
of retorts can be employed. But when the number of the 
benches or ovens permit of it, then double benches, where 
the retorts are set back to back, with a firing floor on each' 
side of the retort-house, are usually constructed. 

The flooring of a retort-house should always be kept in 
good repair, the slovenly method of leaving it in recesses and 
ruts, as sometimes observed, is reprehensible, as by these 
ruts the coke is jerked out of the barrow, and as the flooring 
cannot be properly swept after each charge, it is attended 
with loss ; besides, in a gas-works, like every other esta- 
blishment, considerable order is essential to success. 
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The roofs of some retort-houses are formed, as observed, 
with iron principals and sheets, which may be desirable 
where rigid economy is necessary, but generally the eco- 
nomy is very misleading, as when iron sheets are exposed 
to the action of the steam, arising from the process of 
quenching thfe coke, and the vapours of the retort-house, 
their durability when of ordinary thickness seldom 
exceeds seven years. With galvanized iron the duration 
is somewhat increased; and unless Professor Barff's or 
Mr. George Bower's system of preserving iron may be 
foimd suitable for this part of a gas-works, we would 
certainly recommend the use of slates for the purpose ; by 
which, however, in consequence of the principals and laths 
being required of greater strength than when iron sheets 
are used, the cost is materially increased. 

For ordinary small buildings the front and back walls 
of the retort-house need not exceed 9 inches thick ; usually 
the sides are made 14 inches ; and in constructing an essen- 
tial point is to avoid a draught passing through the build- 
ing. In larger works these dimensions are augmented 
according to the magnitude of the building. 

A few of the largest establishments have the retort- 
house very differently arranged to those of the great 
majority. In the centre, and extending from end to end, 
are a series of arches built on suitable piers. On these 
are constructed the ovens or benches, the piers of which 
correspond with those below. On a level with the furnaces 
of the retorts there is a stage or firing floor, where the 
stokers work when charging or drawing the retorts. This 
is about 6 feet 6 inches from the groimd, and is commonly 
formed by cast-iron columns and plates, extending on each 
side throughout the length of the retort-house, leaving an 
opening of about two feet wide immediately in front of the 
furnaces, through which the coke drops when drawn from 
the retort into the space below, which is called the coke- 
hole, or coke-vault. 

The coke- vault possesses some advantages, for where it 
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exists the stokers are not exposed to the continuous heat of 
the coke when drawn from the retorts which falls imme- 
diately into the vault, where it is quenched by other men. 
Moreover, the furnaces are also dinkered from below, 
which saves some trouble ; and the convenience of loading 
the coke direct into the carts from the coke- vault is also 
a recommendation. The objections to the coke-vault are 
the expense in construction ; the coke in falling breaks, 
and is further injured on account of the very limited space 
for spreading, extinguishing, and storage. There are few 
works, and these only of the largest magnitude, which have 
coke-vaults attached to the retort-house. 

In large works of the present day the retort-house is 
employed as a coal-store, for which purpose their width is 
very considerable. 

Generally the ovens employed in large as well as medium 
sized works are bmlt on suitable foundations, ensuring 
solidity to the structure, and preventing as much as possible 
radiation of heat from beneath. In the event of the 
foundations being in gravelly soil, an increased thickness 
will be desirable to prevent loss of caloric at that point. 
The coke when drawn from the retorts falls into iron 
barrows, and is wheeled away to a separate place for the 
purpose of quenching. 

In retort-houses of this description, the tops of the ash 
or evaporating pans, are a few inches below the level of 
the ground, which is usually paved with fire-bricks on 
edge. Sometimes cast-iron plates have been tried as a 
substitute for brick paving, but the metal conducts the 
heat to the feet of the men with such facility, as to render 
it objectionable. 

The benches of the retorts are either placed side by 
side, the whole length of the retort-house, and having one 
charging floor ; or as in medium-sized works, where retort 
settings are placed back to back. In this case a building 
containing say sixty single benches, thirty of them have 
their open ends or mouthpieces on one side of the retort- 
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house, the other thirty mouthpieces being on the other 
side, and a 9-inch or 14-inch wall separates the benches. 
These are called single settings. This method was super- 
seded some years ago by dispensing with the partition 
wall, and thus the two single beds form one continuous 
oven, each retort being about 18 or 20 feet long, open 
throughout, and having a mouthpiece at each end, which 
are called double beds, or through retorts. The economy 
derived from this plan is very considerable, but they can 
only be employed in large establishments, where there are 
at least six stokers, to charge both ends simultaneously. At 
a works we recently saw through retorts changed to single. 

In deciding on the dimensions of the retort-house, every 
consideration must be made, not only of the present re- 
quirements of the locality to be supplied, but also that of 
the future ; for gas, even at the present day, is very far 
from being fidly appreciated, and it is impossible to 
anticipate the various future uses to which it may be 
applied ; but the experience of the past demonstrates the 
necessity of making every reasonable provision for exten- 
sion. It is also important to have a good margin, and 
not to estimate the power of carbonization too highly ; for 
by unforeseen circumstances the supply of the ordinary 
coal may be temporarily discontinued, when recourse must 
be had to that of inferior quality, which yields less gas, 
and in consequence requires more retorts. 

No definite rule can be laid down for the dimensions 
of the retort-house ; this must entirely depend on the mode 
of setting. "With one kind of setting having a given 
nimiber of retorts of given dimensions, considerably more 
coal is carbonized than with another ; it also depends 
whether they are single or double, the kind of coal em- 
ployed, and other circimistances. 

There is nothing peculiar in the construction of the 
walls of the retort-house more than other buildings of 
the same height. Of course precautions should be taken 
to secure a good foundation, to extend the base by footings, 
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and where necessary to use piling or concrete according 
to the nature of the foundation. On these points no 
general directions can be given, as the treatment must 
vary with the special circumstances of the case ; the general 
rule, however, applicable to ordinary foundations will 
apply here. 

The cost of erecting retort-houses wiU of course vary 
with the price of labour and building materials in the 
district. The magnitude of gas-works and plant is 
generally estimated by their annual production; thus a 
works of *^ tweniy millions " signifies a production of that 
number of feet of gas per annum, and in the height of 
summer will produce about 30,000 feet, and in the very 
depth of winter about 90,000 feet, daily. In a works of 
sixty millions per annum the minimum production wiU be 
90,000 feet and the maximum 270,000 feet per diem. In 
modem large works retort-houses are built in blocks, hav- 
ing free communication with each other, and provided with 
a ventilating shaft constructed of wrought iron, having a 
valve or door by which the heated atmosphere of the 
building is considerably moderated, contributing much to 
the comfort of the men. And to the credit of many 
engineers it must be said that the comforts of the men 
employed in their respective companies have had their 
greatest consideration. In some gas-works libraries are 
established, in others baths and mutual benefit societies ; 
and there are gas-works that can boast of having a musical 
band, composed of the stokers and men of the establish- 
ment — circumstances alike praiseworthy to the employers 
and employed. 

The Coal-store. 

This is generally attached to the retort-house, with 
every facility of commimication for the purpose of trans- 
porting the coals. The dimensions of this building must 
depend on circumstances. If the railway is the means 
of transport; then small stores may be sufficient ; but should 
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the ordinary means of obtaining the supply of coal be by 
sea, river, or canal, then in order to provide against the 
probability of frost, or loss or delay of vessel, the store 
should be ample for a proper supply, and whenever there 
are increased difficulties in obtaining the coal the store 
should be augmented in proportion. It is sometimes advis- 
able to have the coal-store sufficiently large so that in 
summer, when not required for coal, and coke is abundant, 
it can be converted into a store for that residual. "When 
employed as a spreading-floor it should by all means be 
paved with fire-bricks, as stone is liable to crack with the 
heat. When not used for that object ordinary common 
paving will answer the purpose. 

As already mentioned, it is highly desirable that the 
coke should be sold as speedily as possible after it is 
produced. 

PUMFYING-HOTJSE. 

The purifying-house has the sides open, to permit a good 
current of air to pass through the locality and carry off 
any noxious gases. There should also be a ventilator in 
the roof, so that in the event of the lutes "blowing," the 
gas may escape readily at the top. The roof of the 
purifying-house is usually of wooden principals arid tiles. 
Iron would be very speedily destroyed by the action of 
the sulphur emanating from the waste purifying material. 
In some works the purifiers are imcovered, which has the 
inconvenience of unnecessarily exposing the men at times 
to the inclemency of the weather, and ought always to be 
avoided by a suitable roofing. 

According to a modem construction, the purifying-house 
is bmlt of a groxmd and two upper floors, of which the 
uppermost and lowest serve as reviving floors for the oxide. 

The purifiers are on the first floor, and in the centre of 
each purifier is a shoot, through which the foul oxide 
passes to the floor below, and when requisite the door on 
the top of the shoot is luted. By mechanical appliances 
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the oxide is lifted from the bottom to the top floor, from 
where it passes down a shoot into the purifler to be charged. 
The saying of labour and the rapidity of action are both 
recommendations to this system of working. 

EnoinEi Boileb, and Exhausteb-house. 

In the most moderate sized gas-works at the present 
day the steam or gas engine is an important auxiliary. 
Formerly the only use for an engine in a works was for 
pimiping water, or for keeping in motion the wet lime 
purifiers, and in many works of considerable capacity, 
where neither of these were requisite, no engine existed. 
The use of day retorts has caused motive power for 
working the exhauster to be introduced into works of all 
dimensions, except the very smallest kind. 

In large works the engine, boilers, and exhauster, being 
attended by the same man, are generally in the same 
building, and more care is usually displayed in this than 
any other part of a gas-works. The edifice is often con- 
structed with taste, and is no doubt an inducement to the 
men who have charge of the machinery to keep it cleanly 
and in order with the building itself. 

In small establishments the exhauster is generally adjoin- 
ing the retort-house, the stoker having charge of it. The 
improvements recently introduced into gas engines, by 
which they are rendered practical and economical motors, 
should induce every gas manager to adopt them, on 
account of their safety, efficiency, and as an example to 
consumers to employ tiiem. 

Station-metee and Goveenor-housb. 

These, like the engine-house, should only be accessible 
to the manager or foreman, or the man in charge. 

When there are several gas-holders together, it is not- 
uncommon for the station-meter to be placed close to them, 
and the valves of the various gas-holders fixed adjoining 
the meter-house. On other occasions there is a distinct 
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house for the valyes ; but more commonly they are attached 
to their respective holders. 

The governor is sometimes placed in the same building 
as the station-meter, but more f i:equently a detached build- 
ing is constructed expressly for it. In large works there are 
several lines of mains issuing from the works, each of 
which has its corresponding governor, with the various 
pressure gauges and pressure registers. And in establish- 
ments situated at a distance from their distributing stations 
a telegraphic communication exists between the various 
localities, as well as the company's offices. 

Chimney or Stack. 

The action of the chimney shaft has been already ex- 
plained, and, as shown, high stacks possess an advantage 
in consequence of their great draught permitting a reduc- 
tion in ihe opening of the damper ; but against this they 
present the evil, that, if the dampers are not weU looked 
after, the draught occasioned by them wiU cause the fuel 
in the furnaces to be consumed very extravagantly without 
any good result. 

High stacks are constructed principally for the purpose 
of carrying off the smoke or offensive products to a great 
height, where they are diffused over a large space, and a 
nuisance which otherwise would exist is prevented. In 
some chemical manufactories the stacks are made of great 
dimensions — one near Glasgow is 400 feet high. By 
means of this aU noxious gases that may be generated are 
carried to, and issue from the top of the chimney, without 
the least prejudice to the neighbourhood. 

The largest chimney for a gas-works is that of the 
Edinburgh Company, and is a fine piece of building, being 
329 feet above the level of the ground, perfectly plomb, 
and without the slightest crack or fissure throughout the 
height. The current therein, when in ordinary working 
order, is equal to an exhaust of two and a half inches of 
water — a strong current in an ordinary chimney seldom 
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exceeds half an inch exhaust. The cost of this stack, 
with the lateral flues, was upwards of £4,000. 

Chimney stacks for gas-works are constructed in various 
manners, the simplest and cheapest being the square form ; 
but these are somewhat unsightly, and, offering greater 
resistance to the wind, require to be built strong accord- 
ingly. Some stacks are made circular and others octa- 
gonal ; the latter, when surmounted on a square pedestal, 
with a neat capital on the summit, has a remarkably 
good appearance, whilst the cost does not exceed that of the 
circular form. 

Chimney stacks, unless when placed in the centre of the 
beds, should never be built in the retort-house, as they 
occupy the space unnecessarily. Wherever constructed, 
they should always be detached, and, on account of their 
great weight and height, extraordinary precautions are 
necessary in their foundations. The area of these must 
be deteimined according to the degree of solidity of the 
ground where erected ; the softer the soil, of course the 
greater will be the area required for the footings. The 
pedestal for the base is usually square, one side of which 
is one-eighth of the total height of the shaft. 

Stacks for gas-works are always lined with fire-brick 
either for a portion or the whole of the height. Sometimes 
the lining is detached from the chimney, leaving a space 
for a current of air to pass between the former and the 
latter, which prevents the stack cracking. Small chimneys 
are usually constructed entirely of fire-bricks. 

A mistaken notion often prevails, that by materially 
contracting the stack at the top, the draught is increased : 
this, however, as already shown, can only occur when it is 
of too great capacity. The stack, although tapering on 
the exterior, is internally nearly of one imiform area 
throughout ; there being offsets at certain distances, accord- 
ing to the height and form. In erecting, every eight or 
ten courses should be built with hoop iron ; when this is 
not done the stack frequently cracks, aSi^T^^^ ^^^Ts^^Sk^ 
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ing the use of hooping on the exterior, which is un- 
sightly.. 

At many large works a number of dwarf chimneys are 
orected, each of which is about a foot and a half or two 
feet square internally, and serves for three or four double 
settings. The area of a chimney compared with the number 
of benches leading to it is the main consideration, irrespec- 
tive of the height. 

Very recently Mr. Valon has adopted the use of a 
separate dwarf chimney to each bench of retorts, with 
beneficial results, as the temperature of ihe settings is 
maintained with greater regularity than by the ordinary 
method, whilst any leakage from the retorts is readily 
detected. 

The ordinary chimneys in gas-works vary in height from 
35 feet to 150 feet above the level of the ground ; their cost 
for a given height depends mainly on their internal area 
and the nature of the foundation. The ground being 
favourable, the price of a square chimney, 35 feet high, 
with an internal area of 4 square feet, will not exceed 
£35. An octagonal or circular stack of 8 feet internal 
area, and 60 feet high, under the same conditions as the 
former, wiU cost about £85. A similar stack of 10 feet 
area, and 100 feet high, would be £180 to £200. Where 
there is no probabiliiy of a nuisance being occasioned by 
low chimneys, for the ordinary use of a gas-works they are 
not required to be more than 45 feet high. 
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JEiETOBTS AND BETOBT SETTINGS, 

The eyilfl of Iron Retorts^Clay Retorts— Brick Ovens and Brick 
Eetorts — ^Means of repairing Retorts — ^Retort Settings — Form of 
Furnace — ^Iron Retort Settings — Method of setting one Cast Iron 
Retort — Setting of three Iron Retorts — Compound Settings — 
Radiation of Heat — Clay Retort Settings — ^Drawings— Settings of 
one, two, or three Retorts — Setting of three Retorts — Five Retorts 
— ^Elevations and Sections of various kinds — Brick Ovens and 
Retorts. 

Eetoets. 

Fob many years after the first establisliment of gas- 
lightiiig, the retorts generally employed were of cast iron ; 
but about 1820 day retorts were introduced at Wolver- 
hampton, and from there their use extended to Scotland, 
where during a considerable period they were countenanced 
to a limited extent; but only about the year 1852^ was the 
attention of gas engineers generally directed to the advan. 
tages to be derived from them. 

The evils attending the use of iron retorts ore numerous. 
They are costly in themselyeS; which is increased by the 
expense of setting, principally occasioned by the use of fire- 
clay materials to protect them from the direct action of the 
fire. Iron retorts cannot be heated to the required tem- 
perature to obtain the full quantity of gas from the coals. 
Their duration is also very limited, averaging about six or 
eight months, each ordinary retort producing 600,000 or 
700,000 feet of gas, whilst the average life of a clay retort 
may be estimated at two years and a half, and producing 
from 3,000,000 to 4,000,000 cubic feet oi g«j&, '\ii^qiN.> 

F 2 
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the cost of iron retorts is estimated at 6d.; and that of day 
retorts at Id., per 1,000 feet of gas produced. Moreover, 
the use of iron retorts is attended with another difficulty, 
arising from the formation of the carburet of iron on their 
exterior, which demands cleaning occasionally ; and in this 
operation, a portion of the non-conducting material — ^the 
carburet of iron — ^lodges in some inaccessible places, and 
prevents the heat of the fuel in the furnace, penetrating 
to the coal undergoing the process of carbonization. 
Another evil is that the iron becomes changed in its 
nature, and loses its powers of conducting heat, which 
occasions a great expenditure of fuel for carbonizing. 
Besides these and other defects, care must be employed to 
prevent the retort attaiiing that temperature which would 
be destructive to it. Therefore, for these reasons, iron 
retorts are very rarely used at the present day, and then 
only in works of very limited capacity ; nevertheless, the 
fact of their being occasionally employed, is sufficient for 
us to refer to them. 

Iron retorts are useful in very small works, as in those 
supplying manufactories where the "make" is very irre- 
gular, and where they are required to ** stand off " at inter- 
mittent periods. Under these circumstances the charge of 
coke is left in the retorts, the fire is banked up, and the 
damper closed, for the purpose of retaining the heat, until 
the retort may be again brought into operation at a short 
notice. They are also necessary for experimental purposes, 
although possessing the defect, that they cannot be worked 
at the heat most favourable for the development, of the full 
quantity of gas to be derived from the coal. 

When in operation for any protracted period, iron retorts 
expand considerably, and after being worked some time 
and cooled down, a retort originally 7 feet 6 inches long will 
be found to have elongated about three inches. If this be 
put again into operation it will expand, but not in so great 
a proportion ; however, it is not uncommon for a retort such 
as that mentioned, which has been repeatedly heated and 
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cooled, to expand five inclies in length. Therefore, when 
used, the ovens of these should be considerably longer than 
the retorts, otherwise the probability is that the front wall 
of the oven will be bulged out, with the risk of breaking 
the ascension-pipes — ^by no means an uncommon occur- 
rence at one time. 

When iron retorts are required for future use, previously 
to being allowed to cool down the carbonaceous incrusta- 
tion in the interior should be removed ; for, in the event of 
this being allowed to remain, the retort sometimes breaks 
in two halves, which is caused by the iron contracting in a 
much greater degree than the carbon. However, when they 
are worked at a very low temperature, namely, at blood-red 
heat as seen by daylight, the duration of iron retorts is 
considerable, as under these circumstances little incrustation 
of carbon exists on their interior, nor is any appreciable 
deposit of carburet of iron formed on their exterior ; but 
these advantages are dearly obtained at the cost of the 
production of gas ; as with this low temperature a yield of 
not more than 6,000 or 6,500 feet of gas per ton will be 
derived from the coal. 

Clay Eetobts. 

The general adoption of clay retorts was very gradual, 
and to their use is undoubtedly mainly due the present 
great development of gas, alike for the purposes of lighting, 
cooking, heating, and numerous other domestic and in- 
dustrial purposes. "When first employed clay retorts were 
made from plastic fire-clay alone, when they broke into 
innxmierable pieces, on being exposed to the degree of 
heat necessary for carbonization ; and only after various 
repeated experiments and failures was the proper method 
of making them understood. At the present day they 
are formed of a compound of plastic clay intermixed with 
granulated burnt clay, and the greater the proportion 
of the latter in the compound, the more capable is tK<^ 
Tetort to withstand the action of the lieatm^ov3kX> ^-t^^^tKccL^^ 
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whicli is the principal aim in manufacturing them. The 
clay for the manufacture of retorts is not required of a 
very high degree of refractoriness, as the temperature to 
which it is exposed seldom exceeds 2,200° Fah. 

An objection which was formerly raised against the use of 
clay retorts is, that they are so porous as to permit the gas 
to escape. This, however, should the retort be of good 
quality, is erroneous, which any one may be convinced of 
by breaking one of them which has been in use for any 
length of time, when it will be found that the carbon has 
perhaps penetrated to the depth of half, or three-quarters 
of an inch, but shows no signs of having traversed the 
material. Generally day retorts of good construction, 
when the pressure is very limited, are not more porous 
than those of iron, imless they are cracked or broken, 
which alters the case. 

As regards the objection, also raised at one time, that 
day is a worse conductor of heat than iron, no one will 
dispute this ; but the opponents of clay retorts did not 
take into account the vast quantity of this non-conducting 
material which was employed for the purpose of protecting 
the iron retorts, nor did they consider the quantity of non- 
conducting material continually being formed on their 
exterior. If these points had been duly weighed, clay 
retorts would have had considerably less opposition. 

Although the manufacture of day retorts would appear a 
very simple process, there is a peculiariiy of manipulation 
in preparing and tempering the day and in constructing 
the retort, which, if not strictiy adhered to, results in 
failure. In first-class fire-brick works a surprising amount 
of care is taken with the clay. This after being extracted 
from the mine is not considered suitable for the purpose 
until it has been exposed for many months, and sometimes 
years, to the action of the atmosphere, which acts chemi- 
cally on it, and renders it suitable for the object intended. 

There are three forms of clay retorts generally in ujse, 
the round, the . D-shape, and the oval. The first is 
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objectionable on account of the comparative limited area 
of the surface, and the irregular thickness of the charge 
of coal; the second is generally preferred on accoxmt 
of the uniform thickness of the coke derived from them ; 
whilst in our opinion the oval form is the best. It is to be 
regretted that more imiformity of opinion does not exist, 
not only as regards the best shape of retorts, but also in 
their dimensions ; as we are assured by amanuiacturer who 
keeps in stock upwards of f oriy different kinds of the D- 
shape, that he is constantly requested to make other de- 
scriptions, in some cases varying only in the position of the 
bolt-holes, or perhaps a quarter of an inch in the breadth, 
or the height. On the Continent the shape most generally 
adopted is the oval of 21 inches wide and 15 inches high, 
and which we strongly recommend whether for a setting 
of one or more retorts ; as this shape possesses the advan- 
tage of the facility of drawing of the round retort, and the 
layer of coke is about as uniform as when coal is car- 
bonized in the D retorts. 

But day retorts cannot in most cases be worked advan- 
tageously without an exhauster to withdraw the gas the 
instant it is produced, in order to prevent it remaining 
under pressure, and exposed to the red-hot surface. Should 
the retorts be worked at a high heat and the pressure be 
considerable, in the absence of the exhauster, the heavy 
hydro-carbons are deposited in great abundance in a solid 
state within the retorts : at the same time deteriorating the 
value of the gas as an illuminating agent ; generating a 
non-conducting material which obstructs the interior of the 
retort ; and requiring more fuel for carbonizing. 

day retorts, like tiiose of iron, are of imiform thickness 
throughout, averaging about 2 J to 2 J inches, except at 
the mouthpiece, which is made thicker for the purpose of 
sustaining the bolts. The mode of setting them is re- 
markably simple, requiring no guard nor shield tiles, and 
in some cases the arch over the furnace is dispensed with. 
The mouthpieces of day retorts are preciaelj rac^^xHj^^SJaa'?^^ 
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of iron, but their sockets and ascension-pipes are required 
to be larger ; and they should never be less than 6 inches 
internal diameter, in order to avoid stoppages. 

For attaching the mouthpieces to the day retorts, the 
retort for a length of about 10 inches at the mouth is 
made of considerably greater thickness than the other part, 
and in it are formed a number of holes for the bolts, of 
about li inch diameter, and 6 inches long. At the end of 
each of the holes is a square orifice sufB.ciently large to 
receive a nut corresponding with the bolt, which is made 
of ample length. The bolts are screwed at both ends, and 
when about to attach a mouthpiece, the retort is laid in a 
horizontal position ; when, on the end being well wetted, 
the bolt-holes are then Med with cement or fire-clay in a 
plastic state, and each of their corresponding nuts is 
attached. The mouthpiece and the end of the retort are 
then both covered with a layer of about f -inch of plastic 
fire-clay, intermixed with a portion of iron borings and 
sal-ammoniac, in the proportion used for iron cement. 
This accomplished, the mouthpiece is carefully placed in 
its position, when the nuts are attached and screwed up 
gently. After a time, as the joints become harder, the 
nuts are screwed tighter, and on the cement becoming dry, 
by the action of the iron it is rendered impermeable. This 
kind of cement is also very excellent for attaching the 
ascension and other pipes on a works, and ojffers the facility 
of being readily removed when desired. 

At some works brick ovens, or brick retorts, are used. 
The distinction between the two terms is, that when only 
one or two large retorts are built in, and occupy the arch, 
it is called an oven ; but when three or more of them are 
placed in the same arch they are called retorts. For both 
purposes special bricks are necessary of a form and size 
to suit the structure. "Where there are several brick 
retorts in a bed they are required to be built before the 
arch of the oven is constructed. Each retort is formed 
on a centre, which is afterwards removed, and on filling up 
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the wall spaces between the retorts, bolts are built into 
the wall, which secure a cast-iron plate embracing the 
whole of the retorts in the bench. The space between the 
wall and the plate is filled with fire-clay, or other suitable 
material; this efPected, the mouthpieces are attached to 
the cast-iron plate. This system hias been adopted for 
many years at the South Metropolitan Works with success. 
However, it was tried at The Gas Company's Works with 
the opposite result. 

Brick ovens can be built within the arch of the oven, 
although for that object men used to the work are indis- 
pensable. It is a singular circumstance that engineers who 
adopt brick ovens generally maintain their superiority, re- 
gardless of the quantiiy of fuel they consume. We had 
some experience with Ghrafton's ovens some years ago, and 
although they were very durable, there was the great draw- 
back of the extraordinary quantity of fuel they demanded. 
In our opinion neither brick ovens nor retorts are econo- 
mical, for the simple reason that both of these are of much 
greater thickness than ordinary day retorts, and con- 
sequently they must demand more fuel. 

The principal requirement of good retorts is, that they 
shall not crack when in operation ; and that such retorts 
exist is beyond doubt, but they demand an especial kind of 
setting, for if walls abut against them they must of neces- 
sity be broken. 

One of the most common defects of day retorts is the 
facility with which they crack when in operation, giving 
rise to a considerable loss of gas if due care is not 
observed. When a retort is coated with carbon an orifice 
in it is perceived by the brightness of the carbon covering 
it ; and in a retort in a clean concKtion any crack will be 
observed by the bright streak it forms. In these and 
similar cases the defect should be remedied without loss of 
time, and for this purpose the best material that we know 
of is the cement made by Bichardson of Birmingham. ThLa 
is liuxed with water to the consiateuey oi tclot^ax^ ^xl^ 

r 3 
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Bhould the liole be large it should be stopped by a piece 
of fire-brick with the cement. Should the retort be 
cracked, it can be repaired by means of the "paddle," 
which consists of a rod of inch gun barrel six feet longer 
than the retort; on the end of this is coiled some rope 
yam for a length of 9 inches, making a cylindrical pad of 
about 3 inches in diameter. "When required for use the 
pad is well wetted, and a quantity of cement is placed 
thereon. It is then inserted in the retort, when by pressing 
the pad and cement against the crack, and turning the 
paddle round, the cement is forced into and closes the 
aperture. By these means most cracks or apertures are 
readily repaired, and the retort is immediately ready ; fire- 
clay is sometimes used, but it does not adhere like the cement, 
besides the former often breaks away after being placed. 

The price of a setting of clay retorts, including founda- 
tions, oven, furnace door and frame, ash-pan, '^fire-bars, 
buck-staves, sight-boxes, retorts, mouthpieces, two lids, as- 
cension and bridge pipes, dip-pipes, and hydraulic main — in 
short, the bed complete, with all its accessories — is generally 
estimated at £15 per retort, so that a bed of seven retorts 
of average dimensions, or 21 x 15 by 8 feet 6 inches long, 
will cost about £105. The average durability of good 
clay retorts may be considered about two and a half years, 
during which time the expense for fire-bars, repairs to fur- 
nace, &c., will not exceed 20s. per retort. The duration of 
brick ovens in some works, is often four and even five years. 

The arch of ovens once properly built will last several 
years. Taking down retorts, and replacing them with 
new ones, including labour, materials, &c., averages 
£6 per retort; so that replacing a setting of seven clay 
retorts would cost about £42. When double retorts 
are used, the same estimates per mouthpiece are applicable. 

Eetort lids are very oommonly made of wrought iron, 
and stamped with a ridge to support the luting. They 
are considerably lighter than those of cast iron, which is 
their principal recommendation. Formerly considerable 



RETORT SETTINGS. 107 

labour was occasioned by lifting off and replacing the 
cross bar and key to secure the door of the mouthpiece 
at each charge. This is now generally avoided by attach- 
ing the cross bar with a hinge joint to one of the arms of 
the mouthpiece. By this arrangement all that is required 
when drawing a charge is to loosen the key, and allow the 
cross bar to swing on one side, and when closing a retort, 
the bar swings back into its position, is secured by the 
corresponding stud, when the key is screwed up. 

On Eetort Settings. 

The disposition of the retorts in the ovens, or the 
manner they are placed or set, is called the '^ setting," 
and the judicious arrangement of this part of the appa- 
ratus in gas manufacture, is of the utmost importance; 
for on this mainly depends alike the economical pro- 
duction of gas, the use of the minimum quantity of fuel 
for carbonizing, and economy in labour. 

Setting retorts comprises the construction of the ovens 
and furnaces ; properly placing, supporting, and protect- 
ing the retorts ; arranging the passages between them so 
as to equalise the heat throughout ; and making the com- 
munication with the main flue ; and to approach perfection 
in this, there are several points to be considered. 

The foundations of the retort ovens should be solid and 
sufficiently massive to prevent the loss of heat at that 
part. In iron retort settings, all superfluous brickwork in 
the interior of ovens should be avoided, leaving only that 
necessary for the proper support of the retorts, and the 
proper protection of shields and fire-tiles to guard them from 
the injurious action of the excessive heat. All means to 
prevent the radiation of heat from the exterior of the 
setting should, so far as practicable, be adopted ; for all 
heat lost unnecessarily from this cause is so much coke 
lost without a purpose. The openings or nostrils for dis- 
tributing the heat from the furnace should always be 
amply wide. Many instances have occuxto^ ^\l<^x^ 'v^^^ 
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furnace has been at an intense degree of temperature, yet 
the retorts above could not attain an ordinary heat, on 
a<x)ount of the passages or nostrils being contracted. An 
essential point also is to have complete control over the 
damper leading to the flue ; for if this be too much open, 
and the draught strong, a great increase of fuel is necessary 
without any good result. Lastly, whilst due consideration 
should be had for the comforts of the stokers employed, 
all useless loss of heat in the retort-house should be pre- 
vented, and for this object the building should not have 
too many openings, as doors and windows ; and when air- 
shafts or ventilators are constructed, these should be 
provided with valves, to shut or open, according to the 
weather or the season of the year. 

The rules to be observed in setting clay retorts are, 
however, not definite, for whilst some engineers employ 
no brickwork in the interior of the oven, except that used 
for supporting the retorts, the stops, and the quarries 
which carry the retorts, which in our opinion is the proper 
system ; other engineers place several transverse walls 
within the oven by which all the retorts are surrounded. 
We believe the necessity for these walls arose, in the first 
instance, from the imperfect manner day retorts were at 
one time made, when they cracked, and the walls were 
introduced to keep the pieces in their places. 

There are, however, other definite rules which apply 
equally to clay, or brick, or iron retorts ; namely, inasmuch 
as the fuel used for carbonizing is generally coke, the 
furnace of the setting should be adapted for consuming 
it in the most advantageous manner. This is accom- 
plished by making -the furnace narrow at the bottom and 
of a good depth, in order that the air in passing, in its 
progress through the thick layer of fuel, is heated to a 
very high degree, and afterwards its caloric is distributed 
throughout the bench. Formerly, in building retort 
furnaces, the steam boiler furnace was copied, by pre- 
senting a large area for the passage of the air and placing 
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the fuel in a thin layer. This system, although admirable 
for consuming coal where a slight current of air may be 
desirable to intermix with the carbon vapours, and where 
a certain quantity of heat of comparatively low temperature 
is required (as in the steam boiler), yet in the gas furnace, 
in which great intensity of heat with a limited supply 
of air are wanted, the deep and narrow furnace is, beyond 
all doubt, the most desirable. 

The furnace bars are invariably of wrought iron, as cast 
iron is rapidly destroyed by the heat, and generally bars 
of 1} or 2 inches square are employed alike for the furnace 
bars, as for the bearers. An important point is that the 
furnace bars should project to the level of the front wall, 
as shown in Fig. 4, page 112, and other engravings, and 
they should be placed loosely on the bearing bars. It will 
be observed that a small space is left immediately beneath 
the door, through which a current of air is continually 
passing, which prevents the door frame from being acted 
upon by the heat of the furnace. 

The arrangement shown is particularly well adapted for 
mediimi and small-sized works — indeed, for all works 
where the furnaces are clinkered from the firing-floor — as 
the smaller clinkers can be removed without opening the 
furnace door, by simply moving the bars and applying the 
rake ; but for the usual process of clinkering, which, with 
moderately clean coke, that is free from iron, wUl be 
required once in twelve hours, the coke will have to be 
drawn from the furnace, when the clinkers are removed, 
for which object the loose bars offer great facilities. We 
have been very explicit on this matter, holding the opinion 
that it is the best description of retort furnace, and which 
we can recommend to the reader. 

As the smaller settings of one or two retorts require 
comparatively a larger area than others of five, six, or 
seven retorts, no definite law of area can be applied under 
the difiterent conditions; moreover, this is a subject on 
which there is considerable division of opimou. l^Lcr^^ct, 
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in accordance with our experience, for a bench of three 
oval retorts 21 x 15 x 8 feet long, we believe a furnace 
5 J inches wide at the bottom, 36 inches long (that is, from 
the front of wall to end), and 10 inches high above the 
top of furnace bar with one fire-bar, is ample. For a 
bench of five retorts the opening at bottom will be required 
of 7 J inches wide, with two furnace bars each 39 inches 
long ; and for seven retorts the same width, with the bars 
42 inches long, will be ample. 

A great want in gas manufacture is a kind of brick for 
that part of the furnace in immediate contact with the 
coke, which is the most vulnerable point of a clay retort 
setting ; for whilst all the other parts, such as the retorts 
and their supports, wiU often last three and four years, the 
bricks in the immediate vicinity of the coke are eaten away 
very perceptibly in the course of a few months, and conse- 
quently the fireplace is increased considerably, with a large 
augmentation of the fuel account. The Ewell bricks are 
the best kind known to withstand the heat, and are gene- 
rally used for those parts of a retort setting where the high- 
est heat exists; but, unfortunately, they are of that soft 
nature that they are easily broken by the clinkering bar, and 
are therefore unsuitable for the lowest part of the furnace. 

In the course of time, however, as the bricks wear 
away, by some engineers the sides of the furnace are 
patched up from time to time with fire-clay ; but, generally 
the fire-brick, to the extent of 9 inches thick, is removed 
and renewed with new material. For this purpose the 
setting is put out of action and allowed to cool. The 
mouthpieces of the retorts, which are liable to be disturbed 
in the operation, are then strutted. This effected, the door 
and frame are taken down, and the brick- work in the front 
wall cut away, so as to allow the man to work. The burnt 
bricks of the sides of furnace are then cut out and renewed 
by others, which accomplished, the front wall is built up, 
when in a couple of days, by the plan adopted, the setting 
is again ready for firing. 
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Ieon Eetort Settings. 

Figs. 3 and 4 represent the mode of setting one cast-Iron 
retort in an oven, wluch, with a slight modification, is 
equally applicable for a clay retort. In Fig. 3 the bench 
is shown partly in elevation and partly in cross section, 
through the line b o in longitudinal section; f is the 
furnace, b the retort, p p p p are piers which support the 
fire-clay slabs s s, and on which the retort reposes. These 
slabs extend from the front wall throughout the whole 
width of the oven, but having an orifice at the end near 
the wall, as seen in Pig. 4. Immediately in the centre and 
on the top of the oven is a small flue, e, of about 5x5 
inches, leading into the main flue, a. This small flue 
communicates with the oven by the orifice n, and near the 
main flue is the damper d to control the draught. When 
in operation the fuel in the furnace radiates its heat to the 
most immediate vicinity, whilst the currents of heated air 
and gases pass in the direction of the arrows up the end 
of the retort, and then along the top to the orifice n ; it 
then enters the flues, where it is controlled by the damper. 
The slabs s s are placed to protect the iron against the vivid 
action of the heat in the furnace ; but in the event of a 
clay retort being set in the same oven, only the two slabs 
immediately over the furnace would be required; and if 
the retort were of doubtful quality it might be necessary 
to place some supports to retain it in the event of it 
breaking. 

The simplest kind of setting of three iron retorts is 
represented in Figs. 5 and 6, page 113. Fig. 5 shows 
half the elevation, also half the section within the front 
wall ; through the line a b. Fig. 6 is the longitudinal 
section. Immediately over the furnace is an arch, a, which 
extends throughout the length of the oven, for the purpose 
of protecting the retorts from the excessive heat of the 
fuel in the furnace. There are five transverse walls, wto w 
(Fig. 6), on which are placed a number oi fti^-^^syJo^ ^"s.- 
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tending over the whole surface beneath the lower retort 
from the front to the back wall. Four nostrils are left 
on each side of the arch commimicating with the openings 
by the side of the retort, for the current of caloric, as indi- 
cated by the arrows. Beneath these openings there are 
orifices in the wall which extend throughout, and are in- 
tended for clearing out any accumulation of carburate of 
iron that may collect. These slabs, s, on which are placed 
the two lower retorts, literally form the '* bench," and serve 
to protect the retorts from the most violent action of the 
heat of the furnace ; the curved fire-tile shields at the side 
answer the same purpose. To support these curved shields 
a brick on edge h is placed over each transverse wall. Three 
piers, p p p, each surmounted by a fire-slab, carry the top 
retort. In the crown of the arch are three nostrils, nnn, 
communicating with the small flue, which is in communi- 
cation with the main flue l, but separated by the damper d. 

This is the simplest of settings, and was adopted during 
many years as the most successful and economical. But 
had the great importance of the exhauster been under- 
stood, they would have been appreciated to a still higher 
degree, and enormous quantities of coke would have been 
saved which were permitted to flow away uselessly in its 
gaseous state. Unfortunately, this system is often imitated 
at the present day, as with a good draught and an open 
damper every facility is given for dissipating the coke to 
the atmosphere without attaining any good result ; more- 
over, with an excessive draught and consumption of fuel, 
often the heats, instead of being advanced, are retarded. 

It is almost imnecessary to say that all parts of the 
setting in immediate contact with the fire should always 
be of good fire-bricks, for at least a thickness of 9 
inches, built with fire-clay and as thin joints as possible, 
the bricks being previously moistened. In the furnace, 
double that thickness will be necessary, placed in such a 
manner, that the furnace can be repaired as already 
stated, when desired. The furnaces should be constructed 
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of the best bricks that can be procured. Some descriptions 
of Stourbridge bricks, and others called ** Dinas" bricks, 
are reputed to be good for the purpose ; but according to 
general opinion, to resist great heat the Ewell fire-brick is 
the best. 

Some years ago a theory was adopted by a gas engineer, 
that the heat necessary for carbonizing with day retorts 
was excessive, and that a portion of it as employed in the 
ordinary way W8is lost ; hence it was suggested that the 
excess of heat of the day retorts should be used to heat 
those of iron, which metal being a better conductor of heat 
would allow the caloric to pass freely to the coal under 
carbonization. This led to one or two patents, which, like 
many other inventions, have been only supported by the 
reputation of the parties most interested, who in this case 
pretended to be enabled to heat a bench of iron retorts 
of equal number and capacity as those of day, with the 
*' waste heat " from the benches of the latter. In addition 
to this various other plans were adopted, such as by placing 
iron retorts in the oven with day retorts, the former 
being at the most distant point from the furnace. Or, in 
other cases, there were two ovens the one above the other ; 
the day retorts being in the upper oven were heated 
directly from the furnace, and the current was conveyed 
to the lower oven. . And in some instances the ovens were 
set side by side, the day retorts being heated by the fur- 
nace in the ujsual manner, from whence the heat passed 
into a setting of iron retorts; thus if we suppose seven 
retorts to be placed in each oven, the fourteen retorts would 
be heated by one fire. 

Since the days that that theory was proposed, we have 
become more enlightened. We now know the value of 
keeping retorts, whether of iron or clay, at the proper tem- 
perature, in order to obtain a fair yield of gas from the 
coal. We also know that the supposed *' waste heat " was 
nothing of the kind, simply because if that had been 
employed, the dampers would have been d.o«>^^ m '"Qaa 
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ordinaxy maimer ; whereas, instead of this being the fact, 
large orifices were made communicating the clay with the 
iron settings, and only by these means were they rendered 
in any manner effective. This was called the *' combined 
setting," but instead of offering any advantages it had 
directly the opposite tendency, inasmuch as by it there was 
considerably more external surface exposed for, the radia- 
tion of the caloric; and, when two ovens were used, 
rarely were the iron retorts of a suitable temperature for 
carbonizing. However, this system struggled for a few 
years, and naturally a low yield of gas was the result ; but 
it is now numbered among the blunders of gas manufac- 
ture of bygone days. 

And here another important question calls our attention, 
namely, that of radiation of heat from the benches of retorts. 
This at first sight may appear to be but a trifling matter, 
which error, however, we hope to dispel, and for that pur- 
pose win mention a case bearing on the subject, which 
occurred at a gas-works abroad making fifty millions per 
annum, where the consumption of fuel was excessive — 
about 70 per cent, of the coke produced. The retort-house 
was the hottest we ever entered, and on investigation we 
ascertained that the arches of the furnaces, which were 
only 4 J inches thick, were left as they were built, with 
about 9 inches of sand over them; and such was the 
temperature of the sand that a piece of wood when placed 
in it was speedily charred. Besides this the front waU was 
of no greater thickness than the arch. Hence it was not 
surprising if the heat radiated to the extent to cause the 
extraordinary use of fuel mentioned. However, when the 
thickness of the front wall was increased to 14 inches, 
and the top of the arches made solid with brickwork to 
the thickness of 18 inches, the fuel account was diminished 
less than half, or about 32 per cent, of the coke produced. 
From this we gather the great necessity for having all 
the walls of a setting of ample thickness, and whenever 
beds out of use adjoin those in action, then in order to 
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prevent loss of heat by radiation the former should be 
bricked up. In short, caloric is a commodity of value, 
and, although not so tangible, should be regarded with 
the same degree of care as coal itself. 

Settxngs op Glay Betobts, Bbiok Ovens, A3n> Bbiok 

Betobts. 

With the introduction of day retorts some modification 
was made in the manner of setting them, but according to 
our experience they were originally set in a manner iden- 
tical with the iron retorts. Figs. 5 and 6, with the excep- 
tion that the side shields and the slabs were dispensed 
with. 

Eigs. 7, 8, and 9, page 116, represent half elevations 
and sections of settings of one, two, and three day retorts as 
erected by some engineers. According to this system an 
arch is built immediately over the furnace in order to 
protect the lower retorts, whibt the interior is so arranged 
that the current of heated air is compelled to pass at least 
twice along the oven. The method of retaining the arch 
is adopted by the majority of engineers, but in our opinion 
it is unnecessary, and that its use contributes to a great 
expenditure of fuel. 

The simplest setting of day retorts with which we are 
acquainted is represented by Fig. 10, half in elevation 
and half in section, Fig. 11 being the longitudinal 
section. This is unlike the setting of three iron retorts 
already described; for instead of the caloric passing 
oS at the top of the arch, it is caused to pass towards the 
back of the bench, where there is an opening in the stop 
B. It then returns to the front of the setting, enters the 
flues under the bottom retorts, and then passes up the 
flues at the back indicated by dptted lines and thence oS 
to the main flue, at the entrance of which there is a 
damper ; which, we cannot repeat too often, is of paramount 
importance in a retort bench. On the introduction of da.^ 
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rei/jriM, m eonsequenee of th^ir liabOitj to cnck, and ia 
order to pferent the pieces of tlie letoft beoomiiig detached, 
tM sHresidj fsMed irsauwene walls ii«re iotzodiifed, wfaidi, 
in additioa to eanaing seiious obstmctiona to the passage 
of the caloric, were prodnctiTe of another setions evil, as 
when the«6 walls abut against the retortB, bj the expansion 
of the brickwork the latter mnst of necessity crack. Bnt 
when retorts haye been set isolated from the brickwork 
we harewseen them taken down after long service in one 
entire piece, which could neyer be done when the trans- 
Tcrse waEs are built against them* 

Bj the setting just described, the retorts are exposed to 
the direct action oi the heat, and carbonization is effected 
with a low percentage of fueL For this object, however, 
retorts of extraordinary good quality, which are not sus- 
ceptible of cracking witJi the heat, aro indispensable, and if 
thcBo could always be assured, undoubtedly a complete 
change would take place in the present method of con- 
structing retort benches. 

It may be remarked, however, that a great diversiiy of ' 
opinion exists concerning the subject under consideration, 
for, rjB will be shown, some engineers approach very nearly 
the system already described ; whibt others place a number 
of transverse walls within the oven and abutting on the 
retorts; and others again adopt the middle course, by 
having suiall separations of brickwork in order to cause 
tlio currsnt of heat to make a circuitous route, by which 
it iH siipi)OMod that the caloric is retained within the oven 
a longer time and becomes more effective. 

It Iins been protended that by the introduction of trans- 
vortio woIIh in the ovens to support the retorts the passage 
of the lioat is not impeded ; but to refute this error 
wo luivo only to refer to the shield tiles and the slabs 
(niiployod to protect the iron retorts, which do their duty 
oiFootiially ; hence it follows that if a non-conducting 
inatoriid impodes the heat in one case it must also do so in 
tlio other. Therefore it is evident that these walls do 
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obstruct the heat, but if reliable retorts could be assured 
they ought and should be dispensed with. In some 
instances, however, transverse walls are employed to 
divert the passage of the caloric in order that it may make 
a more circuitous route and be retained longer in contact 
with the retorts. We hold the opinion that much of this 
is not productive of any good results, and particularly as, 
according to some of these systems, the current of caloric 
leaves the setting at the very hottest points, and of necessity 
under these conditions it must carry heat away from the 
retorts. 

Eig. 12 represents a setting of five oval retorts, shown half 
in elevation and half in section, through the line b o of longi- 
tudinal section Fig. 1 3. This resembles the setting of three 
retorts on page 117, the principal difference consisting in 
the upper side retorts being placed on the lower ones, and 
supported by three saddle-pieces, the whole of the space 
between the two retorts being closed as seen in longitudinal 
section. At the side of the upper side retort is a stop, s, 
which extends from the front wall to within a foot of the 
back. When in action, the heat acts directly by radiation, 
and as there is no obstruction offered to it, we believe it 
must be highly effective. The current of caloric passes 
to the back of setting, returns by the orifice at the end of 
the stop by the side of the two retorts, and then enters the 
flues under the bottom retorts, and from there passes to 
the vertical flues shown in dotted lines in Fig. 12, and 
partly in section in Fig. 13. 

This simple setting is in use at some works in the North, 
but they can only be employed where the retorts can be 
well relied on. With good retorts this mode of constructing 
benches should become general. 

On page 121, Fig. 14, is shown a method of setting five 
retorts differing materially from Fig. 12. In this, as in 
aU the othef settings hereafter referred to, we find the arch 
adopted over the f^imaco. The various flues shown are 
for conveying the current of caloric baok'^ojtAa ^sA \Rrt- 
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wards through the oven, so as to retain it as long as 
convenient in contact with the retorts. Oi;l the same page 
is also g^ven the half section and half elevation of a bench 
of nine retorts, as used at large works. 

Similar views of settings of six and seven retorts are 
given in Figs. 16 and 17, and in presenting these drawings, 
which are obtained from different sources, we give the 
ideas generally entertained on the subject in question, 
although, according to our opinion, every facility should 
be given for the diffusion of the caloric as in Figs. 12 
and 13, and only by these means can strict economy in the 
fuel for carbonization be obtained. 

In setting retorts, as in most other questions connected 
with the manufacture of gas, engineers are not decided on 
the number of retorts that should be placed in works of 
any given magnitude. And although for small works, 
where the production of gas admits of no choice, yet in 
medium and large sized works we find iq some instances 
settings of five retorts are preferred, whilst in others six, 
seven, e^'ght, and even ten retorts are placed in a bed. 
Nor is this diversity of opinion confined to the number 
of retorts, but it applies also to the mode of conducting the 
caloric. In ' some instances this has to make a circuit of 
four times the length of the oven before reaching the 
main flue, which by some is considered the perfection of 
setting. 

Here we would advise any manager who experiences 
any difficulty in heating the retorts tmif ormly to the re- 
quired temperature, and at a moderate expenditure of fuel, 
either to avail himself of the services of professed retort 
setters, who are to be found in several parts of the 
kingdom ; or to obtain good working drawings of settings, 
which are to be procured from gas engineers, or from some 
manufacturers of fire-clay retorts. The amount of loss 
incurred by indifferent settings is beyond belief. 

Brick ovens and retorts were used at several works o\3l 
the Continent long before day retoxta 'wet^ m\xo^<i^^» 
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TheM OT0IW were generallj^ made to Gantain about ten cwt. 
of coaL Tbej were charged with the fihorel, and being 
direeUj over the f nmaGe, which was of large dimensions, 
they were always readfly maintained at a good heat; 
indeed, common defects with them were, the high tem- 
perature, the accnmnlation of carbon, and they were often 
quickly burnt through, which made itself evident by the 
brightneipe of the carbon corering the orifice. For reasons 
already given, we firmly believe that brick ovens cannot 
bo employed with economy by any gas company. 

But that brick retorts may be more successful we have 
a proof at the South Metropolitan Works, where they are, 
and have been, generally employed for many years. Brick 
retorts are sometimes used at large works in the depth of 
winter during the heavy lighting, on account of their 
offering the facility of being heated and let down without 
any material injury by cracking. This appears to be 
one of the great points of advantage, arising from the 
numerous bricks of which the retort is composed ; and thus 
any expansion or contraction occurs over all of the numerous 
joints, so that only the most minute interstices exist, which 
are stopped by the first charge of coal. 

However, brick ovens or brick retorts require men who 
are accustomed to the work to build them ; hence, under 
these circumstances; they cannot be of interest to the general 
reader. 

Our pages are unsuitable to describe all the details of a 
sotting of retorts. Wo have, therefore, limited ourselves 
to the drawings presented. 



OHAPTEE Vni. 

THE HYDRAULIC MAIIT AND VALVES, 

The Advanta^os of Hydraulio Joints— The Object of the Ilydraulio 
Main — ^DimensionB of, and how it shoiild bo placed— Valvos — 
Hydraulic and Slide Valves— Various Kinds of Valves. 

The hydraulic main constitutes the first application in 
the process of gas manufacture of that beautiful contriy* 
ance called the water-joint. It is this contrivance which 
enables the chemist to store and confine his gases in the 
receivers of the pneumatic trough, and thus by the use of 
denser fluids, such as water and mercury, to imprison the 
most volatile forms of gaseous matter in a mode which, 
for delicacy and subtilty, infinitely excels every contrivance 
of mere mechanical fitting. This valuable principle of 
sealing up the aeriform fluids by means of denser fluids, 
through which they can pass in one direction but cannot 
return in the other, is applied to the lutes of the purifiers, 
to the gas-holder, and, in fact, in every one of the appli* 
ances connected with the collection, storing, and distribu- 
tion of gas. At present it may be sufficient to point 
attention to the value of this property derived from the 
different densities of fluids, which gives both to the 
chemist and the manufacturer a power over the aeriform 
bodies, which they would in vain strive to obtain by any 
other means. 

The apparatus in question serves the purpose of a series 
of hydraulic valves for all the retorts, and if, in the earl^ 
years of gas-lighting, such a contriva'ae^\ksA.TL<^H» ^-^k^^^^^ 
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each ascension-pipe would have had to be provided with a 
separate valve, or tap, occasioning considerable labour to 
shut and open them every time the retort was charged. 
In addition to this, the risk and loss would also have been 
very great. 

The hydraulic main is self-acting, beautifully simple in 
its construction, and, with the least care, accident or loss 
from it is almost impossible. It consists of a tube or trunk, 
sometimes of cast, but usually of wrought, iron, varying 
from 12 to 24 inches diameter, extending the entire length 
of the retort ovens, and, when made of cast iron, it is 
generally about f of an inch in thickness. 

Cast-iron hydraulic mains are generally of such a leng^ 
as to reach over one bench only, and the joints are made 
with bolts and nuts and cement, or with hempen gasket, 
in the usual manner. In old works the hydraulic main is 
often a circular tube, but in modem works the D-shaped 
main is usually employed, with the flat side upwards. 
Wrought-iron hydraulic mains, however, on account of 
their lightness and strength, have recently superseded 
those of cast iron. They are made of larger diameter and 
in longer lengths than the others, and have the further 
advantage of being to an extent flexible. 

The hydraulic main when first put into action is supplied 
about half -full with water; but in the course of opera- 
tion ; the tar passing with the gas is soon deposited in it, 
displacing the water ; thus the tar evolved in the caiboni- 
zation speedily becomes the sealing liquid. 

The end of the dip-pipe is immersed to a depth of one 
inch in the liquid in the main, and during the process of 
distillation, the gas passes from the retorts up the ascension- 
pipe, through the bridge-pipe, down the dip, bubbles 
through the liquid into the space above, and from thence 
issues to the apparatus for purification. 

Each of the pipes thus dipping into the tar of the 
hydraulic main freely delivers the gas produced in its own 
retort^ and effectually prevents its return. However nume- 
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rous may be the pipes dipping into the liquid, whether 
they contain gas or not, and whether the retorts are 
working or otherwise, it is impossible, under ordinary 
(dr^nmstances, that any gas once arrived above the surface 
of tar in the main, can return back again, as each pipe is 
hermetically sealed by the tar. 

The length of the dip-pipe, with the part of bridge-pipe 
to bridge, should not be less than 2 feet 6 inches. It 
is obvious that the pressure of gas from the working 
retorts will force the tar up a short distance into the dip- 
pipes of those benches which are out of action. From this 
cause, however, no inconvenience is likely to be experienced ; 
but in the event of any obstruction occurring in the works, 
and the gas having no other means of escape — should the 
dips be too short, and unconnected with the bridge-pipes, as 
when under repairs — ^the gas would issue from them. As 
the hydraulic main is generally haK-fuU of tar, its diameter 
must be so regulated that the tar forced up into the dip- 
pipes of the retorts out of action will not so far diminish 
the deptib. i^ the main as to unseal them, because this 
would simultaneously unseal every one of the dip-pipes, 
and the gas would immediately escape from the main. 

Sometimes each length of the hydraulic main is provided 
with a partition, the top of which is level with the surface 
of the fluid ; the object of this is to maintain that surface 
continually at the same height in every part of the main. 
Of course where so much depends on ^e effective sealing 
of the dips, every care must be taken to fix the hydraulic 
main in a perfectly horizontal position from end to end. 

Formerly it was customary to take the gas off from the 
top of the hydrauHc with the view of separating that from 
the tax as rapidly as possible ; but the present method is 
to aUow the gas and tar to escape together from the end of 
the main, by which means it is assumed that some of the 
impurities of the gas are absorbed by the tar. 

The hydraulic should always be placed at some distan.cQk 
above the stack of retorts, at least tw^V?^ Vxi!3iv!^"^/\s>L Qt^«^ 
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that the tax within may not be heated to any great degree. 
By placing the hydraulic directly on the stack, as some- 
times done, it is literally converted into a tar distillery, 
and in the course of tune a thick coat of pitch is deposited. 
But by haying the main as described some distance from 
the stack, from our experience during several years no 
important deposit takes place. 

Valves. 

There are two kinds of valves used generally in gas-works, 
namely, the hydraulic, in which a column of water obstructs 
the passage of the gas, and the slide or surface valve, 
which stops the flow of gas by the close contact of accu- 
rately planned metallic surfaces, the contact being pre- 
served by the action of a spring or other means. 

The hydraulic valve ia now rarely used in works, and 
when employed the gas is either altogether shut o£E, or 
the supply is entirely free ; while the slide-valves are gene* 
rally used for all the various apparatus, as well as in the 
street mains, and are of great service in stopping the flow 
of gas when a part of the main is undergoing repair. 

Figs. 18 and 19, drawn on a scale of :iSth of the full size, 
show two kinds of hydraulic valves. 

In Fig. 18, is a cast-iron cylinder, for 10 or 12 inch 
mains, usually about 2 feet 3 inches long, and 14 or 16 
inches in diameter; the other sizes being increased or 
diminished accordingly. The top of the cylinder has a 
perfectly air-tight cover with a stufling-box, through which 
works the rod d. The cylinder contains water or tar to 
the level a a, or about a foot in depth. The gas passes 
into this cylinder, through the pipe a. The outlet-pipe b, 
through which the gas passes oif to the mains when the 
communication is open, has its oriflce about 3 inches 
above the level of the tar ; e e is an inverted cup which 
covers the mouth of the pipe b, and can be raised when 
required by means of a pinion working into the rack on 
ihe rod D, or other suitable means. It is evident when 
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the cup is at tli9 bottom and itnmerBed in the water, 
as shown, the gas is henaeticaUj sealed and pre- 
vented from entering the pipe b, unless the pressure be 
sufficiently great to displace the tar and cause it to 
overflow into that pipe. In which case the gas would 
escape, but the depth of 12 inches is usually sufficient 
to prevent this, and to afford a most effectual seal. On 




Fig. IB. 



Fig. 19. 



the other hand, it is evident that when the inverted cup e e 
is raised above the surface of the tar, the gas will flow 
uninterruptedly from the gas-holder through pipe a, and 
thence into pipe b, which takes it off to the main. This 
kind of valve is extremely simple and efficient, the chief 
objection to it being that the outlet and inlet pipes are at 
different levels, an objection which does not apply to tha 
next Mnd to be described. 
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Fig. 19 is the section of a valve which is sometimes used 
in works, and has the advantage of acting as a receiver or 
syphon, to contain the tar or water, condensed from the gas 
in its passage. 

The outer cylinder is about 2 feet 6 inches long, and 
about the same diameter as the valve last described, pro- 
vided as before with an air-tight cover and stuffing-box, 
through which the rod d passes : a is the inlet and b the 
outlet pipe, both on the same level ; e e is the movable 
cup, not inverted in this case, but entirely immersed in 
water or tar when at the bottom of the cylinder, and re- 
maining full of the liquid when lifted up by the rod d to 
close the open end of the inner cylinder. The inlet-pipe a 
opens into the outer cylinder, and the outlet pipe b is con- 
nected to the inner cylinder. The water or tar should be a 
little higher than the top of the cup, namely, as high as the 
line a a. On the right-hand side of the engraving is a 
small pipe, f, with a screwed top, through which the water 
of condensation is pumped when it reaches above the level 
a a. Bearing in mind that the inner cylinder is open at 
the bottom and side, the action of this valve will be readily 
seen. When the cup is at the bottom, as in the engraving, 
the gas passes freely from a into the outer cylinder, then 
up through the inner cylinder, and goes off by the pipe b. 
When the cup e e is raised, however, the lower edge of the 
inner cylinder rests on the bottom of the cup, and being of 
less diameter than the cup, there is an annular space of 
water all round, equal in depth to that of tlie cup ; this 
water effectually prevents the gas from passing through it 
to the outlet-pipe. The dimensions of the inlet-cylinder 
will depend on the diameter of the main to which the valve 
is attached, free space being left, inside and outside it, as 
may be readily understood. 

When this kind of valve is used, where it would be 
inconvenient to have the rod d raised by means of a pinion, 
the cup is raised by another contrivance. The rod in this 
case has a thread cut on it, which works in a screwed nut 
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forming part of a cross handle ; thus when the handle is 
turned, the cup, being at the same time prevented from 
revolving, is raised by the screw until it attains such a 
position as to seal up the bottom of the inner cylinder. In 
small valves the rod is lifted by hand. 

Hydraulic valves are now only 
used in gas-works, and never in 
the streets. They have the advan- 
tage of not being liable to leakage 
like some slide-valves, and shut o& 
the gas very effectually ; but they 
have the disadvantage that an acci- 
dental excess of pressure renders 
them useless. 

Eigs. 20 and 21 drawn on the 
same scale as the preceding show 
sections of the usual form of slide- 
valve, which possesses the quality 
that the supply of gas can be con- 
trolled by it with all facility. 

In Fig. 20, A B is the valve case ; o is a circuhu* iron disc 
attached to the rod e, which works through a stuffing-box 
at the top of the valve case ; d. Fig. 21, is a spring which 
presses on the disc o, and causes it 
to be in perfect contact with its seat 
when in operation ; the disc is veiy 
accurately turned in the lathe, and 
the rim x>f the pipe is also truly 
faced, as well as the part A b, 
against which the disc presses when 
raised so as to open the communica- 
tion between the pipes. It is evident that when the disc is 
placed as shown in the engraving, the passage of the gas 
is stopped, and when raised by means of a pinion working 
in a rack cast on 7S, the passage can be entirely opened. 
When used in gas-works the disc is worked either hori- 
zontally or vertically, as shown m ^^ eTi^^\s^^^ ^"^ 
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when employed in the streets tlie rod e is worked horizon- 
tallj hy means of a key fitting tlie axle of the pinion ; in 
this case Fig. 21 becomes a sectional elevation^ and the disc 
mores laterall j instead of verticaQ j to open the commnni- 
cation between the pipes. 

Another kind of valve has come into nse in gas-works 
daring the last few jears : in which a disc similar to that 
shown in Figs. 20 and 21 is pressed hy a screw npon a 
faced rim^ and when the screw is tightened the contact is 
so perfect as to prevent the slightest escape of gas. On the 
screw being reliered, the disc may be raised so as to afford 
any required opening for the flow of the gas : the screw 
may be placed either horizontally or vertically. This kind 
of valre is^ perhaps, more correct and certain in its action 
than the spring slide-valre. 

There are various other valves in a gas-works which 
either partake of the hydraidic oi* the slide. For instance, 
the hydraulic central valve, formerly very commonly applied 
to the combination of purifiers as invented by Malam, is 
a very useful and efficient apparatus. Indeed, in the gas* 
meter each inlet and outlet to the various measuring 
chambers is neither more nor less than a hydraulic valve. 
On the other hand, the slide-valve is applied to the central 
valve of purifiers ; it is applied in the dry meter, and the 
ordinary tap is nothing more nor less than a slide-valve. 

Other apparatus in a gas-works have a valve of another 
description entirely, that is the cone or plug-valve, which 
is met with in the governor, the inlet of the meter, and in 
some forms of valves employed for changing the com- 
munication between one apparatus and another or used as 
a by-pass. 

Mr. Anderson has adopted a modification of the plug-valve 
tap, having three or four ways, which valves can be fitted to 
purifiers, or as a by-pass to the apparatus in a works, when 
one of them fulfils the duty of three or four slide-valves. 
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THE EXMAV8TER. 

Its Object— YarioTiB kinds of Ezliansten — Beale's Ezhaosten— K6rt- 
ing*B I^ihanster— Effects of excessire Ezhaustion. 

As already observed, when gas is submitted to a heavy 
pressure within the retorts, and the temperature is elevated, 
a portion of the hydro-carbons of the gas is deposited in 
a solid state in the interior of the retorts ; and the amount 
of this deposit is dependent on the degree of pressure and 
temperature, to which the gas is exposed in the process of 
carbonizing. Besides this, as in ordinary working, there 
are always some slight leakages, which are augmented with 
heavy pressure, it is desirable, therefore, on these and other 
accounts, to exhaust or withdraw the gas from the retorts 
as speedily as possible after it is produced, so that it shall 
not be subjected to those influences. 

For this object various apparatus are employed, called 
exhausters, which are actuated by steam, or gas power. 
These are constructed in different ways, either similar in 
action to an ordinary pump, or a rotary machine, or a 
modification of the gas meter, or one or more gas-holders 
working in tar, which are elevated and depressed by an 
engine ; by either of which apparatus the gas is exhausted 
from the retorts and expelled to the holder. There is also 
an apparatus called Korting's exhauster, which reqdires 
steam only to render it effective. 

In this apparatus, like in most matters connected with 
gas-lightiag, engineers are divided in opinion as to the best 
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kind for Uie purpose. Therefore, -with the varioas ideas 
conceming it, it will be euffident for ua to say iliat the 
exhauster most commonl; in ase is that called Beale's. 
This machine was in its earliest form intended as a rotaiy 
at«am-engine, but failing to meet the necessary require- 
ments in this respect, it was in the course of time applied 
as an exhauster for gas. 
This exhauster is represented in the annexed figure, 22, 
and consists of an out«r cylin- 
der, haTing the pipes for the 
inlet and outlet of the gas as 
indicated To the shaft, which 
IS placed excentnc to the cylin- 
der, IB attached a smaller cylin- 
der, m which a sLding piston 
IS adjusted m such a manner, 
that its sides rub contmuously 
against the ends of the cylinder, 
■whilst ite ends are in constant 
contact with the periphery. Thus, as the shaft is caused to 
revolve by motiTe power, the gas is drawn in or exhausted 
at one side and expelled from the other side of the piston, 
as indicated by the arrows. The general application of 
this exhauster is sufficient guarantee of its excellence. 

A form of exhauster consists of one, two, or three bells 
or gas-holdera worting in tar, having suitable clack-valveB, 
on their inlet and outlet pipes ; which bells are connected 
to a common shaft, with cranks corresponding with the 
height of the bells. The shaft is actuated by motive power, 
and causes the bells to receive and deliver, or in other 
words exhaust, the gas at each revolution. Another kind 
is similar to an ordinary pump, which at each stroke 
receives and expels a certain quantity of gas according to 
ite capacity. Of these there are different systems ; but the 
simplest is generally the best and cheapest. 

And again, without pretending to indicate all the forms 
of til's dasg ol spparatOB, we n^y refer to the steam ex- 
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liauster of Messrs. Korting Brothers. The action of this 
apparatus will be understood by referring to the annexed 
diagram, Eig. 23, in which is represented the main n n 
proceeding from the con- 
denser. Within this is a 
funnel, m m, and connected 
to the main is the small 
steam pipe «, which is bent 
as represented, and termi- 
nates with a very small 

orifice. The action is as follows: — ^The pipe 9 being in 
communication with a steam boiler, in which for economical 
working the steam should be at a pressure of about 45 lbs. 
to the inch ; and supposing the main to be connected to 
the retorts in operation, the steam, on passing in the direc- 
tion shown by the arrow, enters the smallest part of the 
funnel, and by its impulse, exhausts the gas from the 
point a, and expels it to the point 3, as shown by the 
arrows. 

When practically applied, this instrument has the ap- 
pearance of the continuation of the main, although of 
somewhat enlarged external diameter, and contains three 
or more of these funnels, the one placed within the other, 
but leaving a space for the admission of the gas at their 
peripheries, which is expelled at their ends as already 
shown. Connected with this form of exhauster are the 
means of regulating it according to the variable quantity 
of gas produced. It is also provided with a pressure- 
gatege, by which its action is known. These apparatus 
are very simple, and have met with considerable success, 
although we have heard that by their use, a considerable 
quantity of pitch is deposited in the pipes which eventually 
obstructs the ptissage of the gas. The expense attending 
them consists in converting about 2^ quarts of water into 
steam of the pressure stated, for each thousand feet of gas 
produced. 

The exhauster should be placed inmie^aeA^^ ^SJ^fct *Qaft 
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condenser, and be provided with a pressure-gauge, in 
direct communication with the interior of the hydraulic 
main. On the depth the dip-pipes are immersed in the 
tar of the hydraulic main being known — then by observing 
the gauge the pressure within the retorts is ascertained. 
To explain this, let it be supposed that the ends of the dips 
are exactly one inch under the tar. If now we imagine 
the exhauster to work in such a manner as to indicate 
** level gauges" on the exhauster-gauge, then there wiU 
be a pressure of one inch within the retorts. 

It is highly desirable to work the instrument in question 
to the proper extent in order to counteract the effects of 
small leakages, as well as the high temperature of the 
retorts; but at the same time an undue degree of ex* 
haustion should be carefully avoided, as by it, air may be 
drawn into the mains and intermix with the gas as produced ; 
and according to various experiments only 1 per cent, of 
common air, intermixed with gas, diminishes the illuminat- 
ing power no less than 6 per cent. With an admixture of 
45 per cent, of air combined with gas, no light whatever 
is obtained from the compound. The detrimental effects 
of excessive exhaustion are clearly illustrated by the pre- 
ceding; and although frequently it is asserted by pre- 
judiced persons, that gas companies wiKully exhaust air for 
the purpose of augmenting the volume of the gas^ the 
absurdity of the statement is clearly demonstrated by the 
facts given. Moreover, in addition to the production of a 
quantity of gas, the consideration of its qtmlity is forced 
on engineers and managers, not only by Acts of Parlia- 
ment, but also by more forcible reasons, namely, the in- 
terest of the companies they represent. 

In all well-conducted works of medium size and oi large 
capacity, there should always be an exhaust register in 
connection with the exhauster, in order that its operations 
may be indicated during the whole of the twenty-four 
hours. This apparatus is very similar to the pressure 
regulator hereafter referred to. 
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TS£ PURIFICATION OF GAS. 

The Temperature of Gaa — The Condenser — Various kinds of Con- 
densers — ^The "Washer and Scrubber and their object — The Washer 
— The Scrubber — ^Wet-lime purification — Dry-fime purification — 
The central Hydraulic Valve — The dry central Valves — Oxide of 
iron purification — ^How to ascertain the value of oxide as a purify- 
ing agent — Sulphate of iron and lime purification — T(»t8 for 
ascertaining the purity of Gkis — The Sulphur Compounds. 

The Condenser. 

Having described the different classes of coal, the 
yarioTis apparatus employed in carbonizing and producing 
gas, we now come to the purification ; by which is meant 
the process of eliminating those constituents of crude gas 
that would be prejudicial to the comfort of the inhabitants, 
as well as to the furniture and ornaments, of dwellings 
where it might be consumed. As already observed, these 
impure constituents are ammonia, sulphuretted hydrogen, 
carbonic acid, bisulphide of carbon, and other compoimds 
of sulphur and carbon. 

The purification of gas may be stated to commence the 
moment it enters the hydraulic main, where it deposits 
some of its tany matters, and there is ample reason for 
believing, as represented elsewhere, that a portion of the 
rich constituents of the gas is absorbed by the tar at that 
point, the remedy for which has already been suggested. 

As the gas issues from the retorts, it is delivered icL "^^t^ 
minute vesicles or small tar bladders, wi'Sl \ii<^ ^^H. q^^t^- 
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tion is to break these vesicles and liberate the gas. The * 
apparatus invented by Pelouze and Aadoin accomplishes 
this most effectively, but it is said that the process also 
diminishes the illuminating power of the gas by depositing 
the hydro-carbons, which we believe to be the reason why 
the apparatus has not been adopted in the United King- 
dom. The method generally applied to break these vesi- 
cles is by causing the crude gas to pass through a great 
length of pipe, when, by the foiction in parsing, the nume- 
rous vesicles are broken, thus liberating the gas ; and by 
the diminished temperature the vapours are condensed into 
the liquid state — Whence the application of the term con- 
denser. 

The temperature of the gas as it issues from the coal 
averages about 160® or 180° Fah., unless the charge is 
very protracted, and continued after the coke becomes 
red-hot, when it is augmented. The first operation in 
the purification of gas has just been described, by which 
the ammoniacal liquor and tar are condensed, and con- 
veyed to the receptacle intended for them. At one time 
it was the aim of some engineers to condense these 
vapours as rapidly as possible, and in some instances to a 
very low degree of temperature ; but modem experience 
teaches us that both these systems are wrong, as by the 
former, naphthaline is produced, and by the latter, a por- 
tion of the volatile hydro-carbons of the gas is deposited 
with the tar, and the gas impoverished. 

The process of condensation, according to the most ap- 
proved system, is effected by placing the condensing pipes 
with a slight incline to the horizontal position, along 
or around the interior, and afterwards extending for a 
considerable length to the exterior of the retort-house; 
and in most cases the tar and gas are allowed to flow to- 
gether through these pipes, with the object of profiting by 
the absorptive action of the tar, for the impurities sul- 
phuretted hydrogen and carbonic acid. However, against 
l^hi's advantage should be weighed the abf&or^tive action of 
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the tar for the hydro-carbon yapours, and these, once 
absorbed, are only recovered by the operation of distilla- 
tion. 

Besides the system of condensation mentioned there are 
yarioiis other apparatus for the purpose. The one which 
is the most generally used consists of a series of vertical 
pipes attached to a cast-iron box or chest at the bottom, 
connected in pairs by semicircular bends at the top and 
called the ** air condenser.'' This chest has a series of 
divisions, which are sealed by liquid placed therein, so 
that the gas in its transit has to pass through the whole 
series of pipos, as in the apparatus already described. 
Thus the pipes by their contact with the atmosphere radiate 
the heat &om the gas, which being in consequence cooled, 
deposits the vapours as liquid in the form of tar, and 
water saturated with ammonia, generally called ammonia- 
cal liquor. This condenser in warm climates is sometimes 
used with an application of cold water on its exterior in 
order to increase the cooling effect. 

Eig. 24 shows a cross section, and Fig. 25 a longitudinal 
section of a vertical air-condenser, with the air-pipes 
attached to the iron-chest, which is charged with water to 
the line a a. The longitudinal section Fig. 25 shows that 
the chest is divided transversely into compartments, each 
of which contains two pipes in commimication with each 
other. The cross section represents the chest divided 
throughout. Thus by these means, with the aid of the 
liquor in the chest, the pipes are connected in pairs, whilst 
as shown in Fig. 24 a connection is made between each 
pair of pipes in succession by the semicircular bends. 

The action may be readily understood by referring to 
Fig. 24, where the gas on entering the pipe h passes the 
semicircuhu* bend and descends pipe c, and enters the 
compartment beneath, where it passe? into another ver- 
tical pipe and travels in the opposite direction to that 
marked by the arrows. 

Thus the gas is caused to pass throngk ^SJl >i5cL'^ ^V^^"^ \»^ 
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suooession, which radiate the heat to the Burroimding 
atmosphere, and the vapours are condensed. 

Another form of air-condenser, varying sli^Uy from 
the preceding, which has become very general in large 




works, consists of an iron chest similar to that described, 
bt)l> of much greater dimensionB, surmoimted by a eeries 
at r&HcalpipeB of lai^e diameter, in ^"lac^L kk «a.elAsed 
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others oonfiiderably smaller, each pair forming an annular 
space, and through this annular space the gas to be con- 
densed passes. The interior of the inner cylinder being 
open to the atmosphere allows a current of air to enter 
below. This, becoming heated, ascends, causing a draught 
or current, and carries off the heat; to which circum- 
stance the superioriiy of this system is stated to be due. 
In addition to the concentric pipes, there are others which 
communicate the various condensing colunms^with each 
other, and so complete the apparatus. With this apparatus 
there are means of controlling the quantity of air according 
to the requirements. 

Another kind of condenser, which is extensively used in 
large works, is formed of two vertical rows of pipes placed 
at a slightly inclined position, each row consisting of five or 
six tiers, varying in length according to the magnitude of 
the works. These are connected together at the two ends by 
suitable bends, and are all supported by an iron framework 
in such a manner, that as the gas enters at the uppermost 
point, all the condensed liquids flow throughout the whole 
length of the pipes in contact with the passing gas. 
It is the accepted opinion that by the friction of the gas 
passing through these condensers, the tax is eliminated, 
at the same time the ammoniacal liquor is effectively con- 
densed; whilst the gradual action, of the process does not 
deteriorate the quality of the gas, and tends to prevent the 
formation of naphthaline. 

Lastly, the condenser, which was invented by John 
Malam, consists of a rectangular box or chest formed of 
cast-iron plates, put together with flanges, and having 
perfectly tight joints. Its interior is provided with a series 
of iron trays, containing each about two inches in depth 
of water, and so arranged that the gas, entering at the 
bottom of the chest, passes in succession over the surface 
of -the water in each tray, and traversing the whole length 
of the chest ten or twelve times, passes off at the ui^i^ot ^v-ikft* 
In the meantime a small stream of watet enX^x^ ^\> ^^ V^'^> 
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and in its descent absorbs the ammonia, at the same time 
cooling and condensing the vapours in combination with 
the gas. 

This condenser has long fallen into disuse, but we have 
seen it applied very recently as a scrubber with the best 
success. This apparatus, when of suitable capacily, pos> 
Besses the advantage of eliminating the ammonia with 
certainty. The liquor can be retained in it until attaining 
any desired degree of strength. It requires no motive 
power to keep it in action. It is not liable to be choked 
and rendered ineffective by the passing tar. It demands 
no pressure to render it effective, and we believe it is more 
economical in construction than any other apparatus in 
use, and for small works we consider it very desirable. 

For the economical construction of these and other 
similar apparatus, we would recommend large slabs of 
slate, which can be had of all sizes and thicknesses at a 
cost of one-third of cast-iron. 

The gas in passing the condenser, as remarked, is acted 
on mechanically by its various particles coming in con- 
tact with the surface of the pipes, and by this friction a 
large portion of the tar is deposited. The same effect will 
be observed when the exhauster is used, as the friction 
assists in the deposit of the tar. 

But gas may be condensed to an excess. \ When this 
occurs a portion of its richest qualities is absorbed, naph- 
thaline is deposited in the mains and services, causing 
continual annoyance, which is particularly the case in 
winter, when the condensation should be limited. 

In hot climates, on the contrary, it will be necessary, as 
observed, in order to reduce the temperature of the gas to 
the proper degree, to allow small streams of water to trickle 
over the surface of the pipes of the air-condenser ; as only 
by these means can the temperature of the gas be reduced 
in daytime, in localities where the sun shining on the 
apparatus approaches in warmth that of the gas, as it 
issues from the hydraulic main. 
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The Sobttbber and Washer. 

Both these apparatus are employed for one purpose, that 
is, for eliminating the ammonia from the gas ; and their 
ef&cacy does not depend solely in removing that compound, 
but also in rendering it a commercial commodity for sale to 
manufacturers; or, what is still more profitable, to manu- 
facture the ammonia on the works where it is produced, 
for which detailed instructions are hereafter given. 

The ammonia evolved in the process of carbonization of 
the coal, is partly obtained in combination with the water 
produced in the operation, intermixed with the tax from 
which it is afterwards separated by the difference of their 
gravities ; a portion is deposited in the condenser and other 
apparatus on the works ; another portion is absorbed from 
the gas by the mechanical action of the scrubber, or 
washer, and as thus obtained is usually termed ammonia- 
cal liquor. The ammonia is also deposited by the chemical 
action of sawdust or other fibrous material, being impreg- 
nated or intermixed with an acid, or a salt, such as sul- 
phuric acid and the sulphate of iron, both of which are 
sometimes used as purifying agents. But for the present 
we will confine our observations to the method of eliminat- 
ing the impurity by the action of water, which is almost 
universally employed for the purpose. 

Water at ordinary temperatures possesses the property 
of absorbing about 700 times its own volume of ammonia 
gas, and advantage is taken of this property in order to 
eliminate that impurity from the gas. But in proportion as 
the water increases in temperature so does its affinity, or 
power of absorbing that compound diminish, and this 
affinity totally ceases, on the water attaining a temperature 
of 180° Fah. Hence the necessity for having all the ap- 
paratus, such as condensers and scrubbers, at a moderate 
degree of temperature ; at the same time avoiding any 
excessive degree of cold, which would cau^e some of the 
light hydro-carbon vapours to be deposited, and so 

n 
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agent. 

These txe namenms daaafptuBis <rf wtAas, or Mnb- 
tten, emplc^ed fw renumng tiie *inm«nii» lij die aetkn of 
watcir, but tLe appsratuB irliidi elinimatea due Gcmpoand 
fnth the """i" " !!!! qn anti ty of wster, widiout Hut m i i u r H ng 
the jTlfiTiniinrtiiig power of the eu, ifl the best ; as br em- 
ploying a amaU qnanti^ of mter, the amnumia is obtadned 
ia a conceatrated state, and the Hqnor viH vetxeBanij 
tecpure leas fnel and labour in its manitfactnre^ 




Fig. M. 



Another reason for avoiding any excess of water is, that 
manufacturers frequently purchase the ammoniacal liq^aoi 
from the works, when the expenses of trauBport become a 
sorious subject for consideration. Hence, for the purpose 
of solo it is essential that it shall be delivered of a certain 
strongUi, for, as will be hereafter shown, in all liquor 
thoro is but a limited quantity of ammonia in combination 
with a largo quaatily of water. 



The simplest form of washer is represented in section by 
tlio engraving Fig. 26, and consists of a cast-iron cylinder, a, 
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dosed at the top and bottom, placed on a brick pedestal. 
The inlet for the gas is indicated by the letter i, and the 
outlet bjr.0. The discharge for the liquor is marked at «^, 
where a valve is always placed in connection with a seal- 
pipe, in order to prevent the escape of gas — which is a 
most important consideration in all the apparatus of a 
gas-works. A dash-plate, h h, generally made of wood and 
pierced with small holes, is placed about midway in the 
tank, and when in use the washer is charged with water to 
a short distance above the dash-plate, the level of which is 
observed in the glass tube of the water-level gauge 8. An 
overflow pipe is usually attached, so that the liquor when 
augmented in volume by absorbing the ammonia passes 
to another vessel A tap is also attached for taking 
samples of the liquor. When the apparatus is in action, 
on the gas entering by the pipe •', and passing through the 
holes in the dash-plate, it is subdivided into very small 
particles, each of which coming in contact with the water 
parts with its ammonia. 

Frequently two or three of these washers are combined 
and placed at different elevations, in order that the liquor 
of the highest may by its own gravity flow to the second, 
and from that to the third, as occasion may require. The 
foul gas first enters the lowest washer, and passes from 
there to the second, and hence to the highest, which is 
suppHed with dean water. In some cases a constant 
stream of dear water enters the highest vessel, and the 
ammoniacal liquor flows from the lowest, communications 
being made between the washers for that object. 

One important point for consideration in this form of 
washer is to prevent the water seal becoming too great ; a 
dip of one or two inches is ample, for when this is not 
regarded, either unnecessary pressure is thrown on to the 
retorts, or extra work is given to the exhauster and engine. 

A washer recently invented by Mr. George Livesey 
consists of a tank having a nimiber of vertical partitions 
pierced with small holes, each of which d9es not exceed a 

H 2 
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tenth of an incL. in diameter. These orifices are sealed by 
the water, and the gas in its passage through them, is sub- 
divided into minute particles ; by these means the liquor 
acts most effectively in eliminating the ammonia. We 
have seen these washers in use in several important gas- 
works, and have heard the most favourable accounts of 
their eflB.ciency. Moreover, contrary to the opinion of 
chemists that some of the richest constituents of coal gas 
are absorbed when brought in immediate contact with 
water, we have been informed that the illuminating power 
of the gas is in no ways deteriorated by the apparatus in 
question. 

Already on page 143 reference has been made to a form 
of condenser which we believe to be well adapted as a 
washer or scrubber, for the reason that it combines a 
large surface of water; the liquid gradually flows from 
one vessel to the 'other, and can be kept in contact with 
the gas as long as it may be desired, in order to obtain 
the necessary degree of strength. 

The Scrubbee. 

The scrubber is another form of apparatus for extracting 
the ammonia from the gas, and differs from the washer 
in one respect, that is, whereas in the washer the gas has 
to force its way through the water, in the scrubber it is 
only brought in contact with it when passing over the 
surfaces of pieces of coke, bricks, boards, wood-shavings, 
or other materials which possess a large area, and Bxe 
saturated with water. This system was introduced orig^- 
ally with the view of avoiding the pressure demanded by 
the washer, as it was ccfnstructed. in the most primitive 
manner. However, since the general adoption of the ex- 
hauster, these objections no longer exist. 

There are various kinds of scrubbers, but the kind most 
commonly employed consists of a cast-iron tower or tank 
of a height much exceeding its diameter* This is divided 
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into Hiree ot more compartments by cast-iron aieTes or 
grids, each of -which support the material employed, as 
shown in Fig. 27, irhidi 
represents a scrubber suit- 
able for a small works, 
half in section and half in 
elevation. 

This is a cast-iron cylin- 
dricel TOBsel, containing 
three grids, on each of 
which is placed a quantity 
of coke sufELcient to fill the 
compartment above. At 
the bottom is a division 
intmided to receive any 
particles of coke that may 
pass through the lowest 
grid. At 1^ point is the 
inlet pipe for the gas, as 
well as the outlet for the 
■water. For supplying the 
apparatus with water, at 
the top, are two or more 
horizontal pipes of perfo- 
rated gun-barrel, attached 
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Thns the water in its 
descent, being distributed over the large surface of coke, 
or other material, absorbs the ammonia from the gas, 
(and, dmil&T in action to the washer,) in the Bcmbber the 



axle, which pipes are made 
to revolve by suitable gear- 
work, and distribute the 
water regularly over the 
whole area of the top sur- 
face of the coke in the 
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gas first meets with fhe foulest liquor, and in aecending, 
it at last comes in contact -with the dean -water, which 
removes the last trace of fhe impuritjf ; that is, suppoBiiig 
the apparatus to be constructed according to the require- 
ments of the works where it is employed. For targe works 
these vessels are made of great magnitude, in some in- 
stances of sixty feet high and eighteen feet diameter, 
which will eliminate the ammonia from one million feet of 
gas per diem. 

The capacity usually allowed for scrubbers is 15 cubic 
feet per 1,000 feet of gas produced per diem, the height 




Rg.as. 



of the vessel being at least three times its diameter. Some- 
times the water is distributed by a self-acting apparatus, 
sim il a r to Barker's mill, or jets are admitted at various 
points. However, with all the care that can possibly be 
bestowed on the condensation, and the best arrangements 
for supplying- the water, it happens that the coke or other 
material in the course of time becomes clogged, and the 
passage of the water is limited to narrow streams, when this 
kind of scrubber diminishes in effect, until the coke or other 
ZQaterial it contains is replaced. 
AnotbBT kind of scrubber patented ^i^ lleBara. TTirTrh am) 
Sulett, and Ohaiidler is represenWL in\(fa:Bi.\M5iaBi eai^aKin. 
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in Vig. 28. This consisis of a cast-iron case divided into 
compariments, provided with a revolving shaft which ex- 
tends the entire length and protrudes at both ends of the 
case, and is connected to suitable gearing, and driven by 
motive power. 

To this shaft are affixed several series of metal discs, as 
shown, of somewhat less diameter than the case. Each 
series is composed of a number of discs which rotate in their 
respective compartments in such a manner that the water 
and gas of each compartment is separated from the others. 

The action of the apparatus is as follows : — ^The supply 
of water, which is at the rate of about ten gallons per ton 
of coal carbonized, enters by the pipe shown, and is main- 
tained at different levels, so that it flows successively from 
one compartment to the next, throughout the apparatus, 
and in ^e compartment through which the gas passes 
last, there is always clean water ; thus the gas must neces- 
sarily be free from ammonia as it leaves the apparatus. . 

The gas enters at the opposite end to the water and 
passes as indicated by the arrows through all the compart- 
ments in succession, and being brought into contact with 
the wetted surfaces of the discs, the ammonia is absorbed 
by the water as the discs revolve. The foul gas, on enter- 
ing the first compartment, meets with the strongest liquor, 
by which a large quantity of carbonic add and sulphuretted 
hydrogen is taken up. 

The advantages of this apparatus are, that unlike the 
"tower" scrubber, it always has the same amount of 
wetted surface exposed to the action of the gas, and conse- 
quently it cannot fail to be effective. The liquor may be 
obtained of any desired strength by simply controlling the 
water supply. The power to drive it is but small, while 
the space occupied by the machine is very limited. 

As already remarked, the presence of a trace of ammonia 
in gas is not, however, objectionable, and, as wo will show, 
ammonia should not be regarded as an impurity obI^ ^ "Vsv^ 
as a Bource of profit to a company. It ^wJ^Si^tLQ^^s^t, 
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In ihk yrcMMffm, the lime, after being slaked, is mixed 
with wtiiAsf in the proportion of about 48 gallons of the 
hiiUir U) two btufbek of slaked lime. It is necessary to 
?uU iUi$ linu) and water together m a separate vessel, 
]HHmmii iU<i prepared Ume mii6t be introduced to the 
purUiiir tu li fluid utate* The mixing is commonly effected 
in It lurfga hvUikf or iron tank, placed at a higher level than 
ihti imvUUiVf^, In iho centre of the tank is fixed an iron 
nHmlif mm'ylufg at itut lower end a stirrer or agitator, which 
JM (HiiiHdd Ui rov(4vu })y manual labour or steam; or gas 
powhv. Ily mmm of thi« stiner the lime and water are 
kfj|^)i \n »r HMti i4 ii(pitatIon; the former being mechanically 
MiiN|.i(:iiMlMil iu ili^ Uttorp in whion state it is allowed to flow 
luiu MUM (it! Qm puviflurSp provided with suitable agitators 
^/ Jf^fip U iu ti ntnt9 of lolution, othermae the lime would 
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be speedily deposited ; as wlien in a state of repose the 
water does not combine with or dissolve it. 

In large works often two or three sets of purifiers are 
used, each set consisting of three purifiers. When economy 
of space is an object they are sometimes placed one above 
the other, at other times side by side. They should 
always, however, be at different levels, as in working them, 
it is usual to cause the contents of the highest purifier to 
flow- into the second, and from that to the third, from 
whence the foul lime is withdrawn. The fresh lime is 
always admitted into the upper purifier. The crude gas 
enters the lowest vessel which contains the foulest lime, 
where it becomes partially purified ; it then passes to the 
second, and from thence to the third, where the process is 
completed. The revolution of the stirrer of the purifiers is 
effected by a steam-eng^e, or a gas-engine. For this 
object a bevelled wheel on the upright shaft gears into 
a similar wheel on a horizontal shaft which is driven by 
the engine. 

The wet-lime purifier consists of a cast-iron cylinder en- 
tirely closed at the top and bottom, except where the inlet 
and outlet pipes join it, and the opening required for 
charging fresh lime-water and drawing off the foul charge. 
To the inside of the cover of this outer cylinder is bolted an 
inlet cylinder usually made of cast iron. This inlet cylin- 
der is open at the lower part, and reaches to within a few 
inches from the bottom of the outer cylinder, but has bolted 
to its lower flange a wide ring or dash-plate of sheet iron ; 
thus an annular chamber is formed by the inner and 
outer cylinders. These particulars, however, wiU be more 
fully understood from the woodcut, to which reference is 
now made. 

The apparatus, as represented, consists of the annular 
chamber a a, which is in communication with the outlet k, 
and the cylindrical chamber b b, into which the inlet pipe 
o admits the gas from the washer, or scrubber* A. dja.^- 
plate is attached to the bottom oi tii^ insvst cfi^^<3t^«siSw 
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lin id pri^ymit tlio llmo from settling; it also keeps the 
oi»nttltij( oWar and froo for tho gas to pass. The outlet pipe 
for ihn \)Ut*i(l()d gas after it has passed through the solution 
K^t \\\m in shown at x. An exterior chamber l is connected 
irlth tlie purifier by a liphon-pipo n ; the pipe u is provided 



ynffT'UME PUBIFIETIS. 156 

with a valye which is not shown, and is for the purpose of 
discharging the f onl lime. The lime and water is conyeyod 
into the purifier through the chamber l, and when it is 
required to empty the vessel, a valve at m is opened. 
As the siphon-pipe v must always remain filled with fluid, 
it is evident that no gas can escape when the lime and 
water are drawn off. This arraugement is necessary, as 
when wet-lime purifiers were first used, a serious explosion 
occurred from the escape of gas along with the spent 
material. The action is as follows. 

The vessels are charged with the cream of lime to the 
height indicated by the letters d d, when the gas, on entering 
the cylinder b by its pressure, forces its way through the 
fluid lime, and the gas is deprived of its impurities, in a 
znanner more or less complete, according to the number 
and size of purifiers adopted. 

Wet-lime purifiers are most effectively and economically 
worked when in sets of three as indicated, all their shafts 
being driven by one engine. Thus when the third purifier 
ceases to be effective the lime is withdrawn from it, which 
is replaced by that of the second, and the first purifier after 
supplying the second receives a charge of fresh lime. 

The general impression is that wet-Ume purification is 
the most perfect mode for the effectual removal of carbonic 
add, and the other impurities. But the operation of dis- 
charging the apparatus, together with the residues of tho 
process, are so very offensive to the surrounding vicinity, 
as to prevent this means of purifying being applied except 
in instances where the works are quite isolated ; and even 
then the difficulty arises how to dispose of the foul lime, 
or " blue billy," as it is technically termed, the stench from 
which is so intolerable as to prevent it being deposited 
with ordinary rubbish, and no practical method has been 
adopted of applying it, except as luting for the retort 
doors. Therefore wet-lime purification is seldom adopted 
at works established in or near towns or cities. 
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DbY-UME PuRIFICATIOir. 

In proportion as the use of gas-lighting extended, so were 
the inconyeniences experienced by the refuse of the wet- 
lime process augmented, xmtil the odour emanating from 
the blue biUj became so intolerant that other means of 
purifying gas were suggested. 

The dry-lime process of purification was invented many 
years before it was generally practically applied, and a 
reason for this delay in adopting it, may have been that 
this system is considerably more costly than the other. 
However, as by its use a great portion of the nuisance 
arising from a gas-works situated in confined neighbour- 
hoods were removed, expense was not regarded ; therefore 
to abate the evil, dry lime was adopted. 

When qmck lime is slakened, reduced into powder, and 
moistened with water, it is called by chemists the hydrate 
of lime, and is the material used for absorbing the im- 
purities sulphuretted hydrogen, carbonic acid, and, under 
some conditions, other sulphur compounds from the crude 
gas. This is inappropriately termed the ''diy-lime pro- 
cess," a name which is very likely to deceive many and 
occasion much trouble, inasmuch as dry hydrate of lime 
has little or no power of purification, and only when it is 
well moistened, is it really effective. 

Speaking on this point Mr. Lewis Thompson observes 
that the peculiar value of the wet-lime purifier depends as 
much upon the water as on the lime, which statement is 
corroborated by the superiority of the wet, over the dry 
lime mode of purification. From this we gather that the 
greater the quantity of water, the more eflB.cient becomes 
the lime, but against this advantage, care should be taken 
to prevent the lime being saturated to that degree, as to 
obstruct the passage of tho gas. 

The principal benefits derived from the so-called dry- 
lime process are, that the heavy pressure on the retorts, 
which always exists when wet-lime purifiers are used, 
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arising from the causes already stated, is avoided. The 
residue of dry-lime purification is imder certain conditions 
readily disposed of, being valuable in many cases for agri- 
cultuial purposes. It is also useful for numerous other 
objects, but the returns from this source are never important. 
In dry-lime purification no motive power is required, and the 
odour arising from the residue is less obnoxious than that 
from wet-lime purification. These are advantages which 
have caused this process generally to supersede the other. 

Dry-lime purifiers are generally rectangular cast-iron 
vessels, varying from 3 feet to 30 feet square, and from 
3 feet to 5 feet deep. Sometimes in veiy small works 
they are made circular; this, however, is only done for 
convenience or economy in construction. Each purifier 
contains a series of perforated shelves, or trays, or sieves, 
supported by suitable bearers of wrought or cast iron, the 
ends of which are attached to ** snugs " cast on the purifier. 
In large purifiers there are also pillars placed at interme- 
diate distances, to carry the weight of the sieves and puri- 
fying material. On these sieves is placed the hydrate of 
lime, to a thickness of about three or four inches, through 
which the gas passes ; and by the absorptive action of the 
lime the gas is deprived of its impurities to a degree more 
or less complete, depending on the various conditions of the 
magnitude of the purifiers and the e£B.ciency of the lime. 

The upper part of the purifier is surrounded by a water 
lute or reservoir, making a water-tight joint for the cover, 
of from 9 inches to 24 inches deep, and from 3 inches to 
6 inches wide, which is often cast with the purifier and 
forms part of it, or is attached thereto by bolts and cement. 
The cover of the purifier is of boiler plate or cast-iron, the 
latter being preferable on account of its durability; but 
the increased weight is an impediment to its adoption. 
The rim or border of the cover is rather deeper than the 
cistern into which it is plac^, and is effectually sealed by 
the water, thus preventing the gas escaping from that point. 

Often the purifier is divided into two compartments, so 
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that the gaa ascends throogli a aet of eievee on the one aide 
and desceads througli another set on tte other side, axiswer- 
ing the purpose of two vessels. In all establishmenia, 
however HmaJI they may bo, two distinct purifiers at least 
are necesaary to enable the impure lime to be removed 
from the one, whilst the gas is being pnrified by the other. 
A most important point is to have the purifiers of every 
denomination of ample magnitude, for although this may 
increase their cost in some degree, yet it is amply counter- 
balanced by the saving of labour and economy in the 
purifying material ; which is more particularly the case 
with dry-lime purifiers, where the lime is a purifying 
agent, long after it is saturated with impurity, in the 
ordinary sense of the term. 

The number of purifiers in a work is variable ; in the 
majority of establishments a set of four ia very usual, 
their dimensions being determined by the capacity of the 
works. In addition to these there is often an extra appa- 
ratus called the " catch purifier " charged with the hydrate 
of lime, which intercepts any accidental impurity that may 
exist in the gas. The general calculation when dry lime 
alone is used, is to allow one superficial yard of sieve in 
active service for each thousand feet of 
gas produced per diem. Thus, a wor^ 
producing fifty millions per annum, or a 
maximum of 220,000 per day, will require 
four purifiers, each having six sieves of 
about 10 foet square. With large puri- 
fiers the gas is in a comparative state of 
repose, and gives up its impurities more 
readily than when in rapid motion. 

The grids or sieves of purifiers were 

f ormeriy made of wrought and cast iron, 

but they were liable to numerous iueonve- 

j^ j(, niences, such as breakage, from their 

excesdve weight, and in some cases they 

were speedily obstmoted. The grids of the present day 




WOODEN GRIDS. 159 

are inyariablymade of wood, as represented in the annexed 
figure. They are usually of about 2 feet *3 inches long 
and 18 inches wide, and cost about 8d. or lOd. per super- 
ficial foot, and are very durable. 

The means of changing the passage of the gas to and 
from the various purifiers, and shutting it off from those 
yessels, is sometimes accomplished by a series of slide- 
yalyes attached to the pipes, which is costly and attended 
with inconvenience. A simple means of replacing these 
valves was supplied by the late John Malam, whose name 
is intimately identified with the progress of gas-lighting, 
and more particularly in connection with the gas-meter. 
To that gentleman we are indebted for the beautiful modi- 
fication of the hydraulic valve, by which the gas is received 
at its first entry into the purifier, made to traverse all the 
various vessels and pix>es in succession, and is discharged 
from them in a pure state, to be stored up in the holder. 

The hydraulic valve consists of a cast-iron tank, the 
diameter and height of which depends on the number and 
size of pipes connected with the purifiers. 

Fig. 31 represents a plan of a set of purifiers with their 
corresponding hydraulic valve, a b o d are the four puri- 
fiers, but for want of space only part of o and d are shown. 
The purifiers A and o are endosed by the covers ; those 
indicated b and d are open, showing the mode of construc- 
tion and part of the wooden grids placed ready for re- 
ceiving the lime. At the central hydraulic valve marked 
E, meet the various pipes conveying the gas to and from 
the purifiers, also the inlet pipe a and outlet o. The pipes 
marked 1, 3, 5, and 7 are the inlets, which convey the gas 
from the central valve to the respective purifiers ; the pipes 
marked 2, 4, 6, and 8 convey the gas from the purifiers to 
the valve. 

For a set of four purifiers, each being 12 feet square, 
with 12-inch connection pipes, the tank is about 4 feet 
6 inches in diameter, and 3 feet 6 inches deep. In the 
bottom there are nine holes perforated to permit the pipes 
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to pass freely, and these pipes are attached to the tank by 
flanges and bolts in the usual manner. The tank has a 
coyer, through which passes a rod working in a stuffing- 
box, for- the purpose of lifting the vessel which reg^ates 
the direction of the gas. The covers of puriflers are strongly 
stayed, and are lifted by means of a screw or crane. 

Fig. 32 represents two of the purifiers described, the 
one in elevation, the other with the front plate removed to 
show the interior and a section of the hydraulic valve. 
There are four sieves for the lime, through which the gas 
traverses, and when above the top layer descends the 
outlet pipe, returns to the central valve, from thence to 
another purifier, and so on throughout the number in 
use. 

The vertical pipes in the tank of the valve E are about 
18 inches long ; and, when in operation, tihte tank is filled 
with water to the level of the top of the pipes. Under the 
central valve is a tank, in which stand the pipes, which 
are open at the bottom ; but as the tank is filled with water 
the gas is prevented from escaping. This system has the 
advantage that no syphons are required to be attended to, 
and any condensation that may take place in the pipe flows 
into the tank. 

To complete the central valve there is a gas-holder or 
bell closed at the top, and divided to within 4 inches of 
the bottom into five vertical compartments. This vessel 
encloses the nine pipes in such a manner, that the inlet 
and outlet pipes of two separate purifiers are respectively 
isolated in the compartments h and c, whilst the inlet and 
outlet of another purifier are isolated in the division e. 
That marked a connects the central pipe with tihte inlet 
of the first purifier, and the compartment d contains the 
outlet of the last purifier. 

We will now trace the progress of the gas from its 
entrance to its exit to the gas-holder. The tank having 
been supplied with water, the gas flows by the centre pipe 
under the bell into the compartment a. From there it 
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entflTs the pipe 1, irliiclL leads to tbe purifier o, eni after 

ascending tlm>ugli the layers of lime it paeaes down pipe 2 

to the cylindrical veesel into the compartment b. Here also 

it can only escape by the pipe 3, and through the lime of 

purifier A in the direction of the 

arrows back to compartment «, from 

tbenoe into purifier b, and after 

trav^ving the layers of lime again °| 

retuniB to compartment d, where | 

there ie an opening in the top of | 

the cylinder, through vhich the gas , 

escapes to the holder by the orifice 

o, on the side of tank. The com 

partment e contains the inlet and 

outlet of the purifier s, so that the gas cannot enter 

therein, and this being out of action, affords the facility of 

changing the lime. 

It will be observed that by these means only Uiree purifiers 
are in operation, the fourth in the 
meantime having the foul lime 
removed and fresh supphed In 
order to change the passage of the 
gas, the cylinder is then raised 
by the handle of the rod (which 
xmaees through the stuffing box) 
until the partitions dear the 
pipes. It is then turned a fourth e^ 
of a circle and aUowed to descend 
into its seat, when the gas first 
enters the purifier a, from there 
to B and D, whilst pnnfier o is Tig z* 

thrown out of action for the purpose of changing the lime. 
Bythese simple and ingemousmeansthepaseage of the gas 
to and from the purifiers is regulated with the greatest 
facility. 

"Within the last few years the hydraulic valre has been 
mpemeded 1^ the rotary slide-Talve, in which, ^ift ■^'^idva 
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arrangement is the same as in the former/ as shown by the 
annexed "Fig, 33, which represents the plan of the seat 
of the valve, with the divisions indicated, and corresponding 
connections. 

Fig. 34 represents an elevation of the valve, the cover of 
which is actuated by a pinion working into the rack, but 
sometimes the cover is affixed to a rod, which passes through 
a stuffing-box on the top of the cylinder, forming the upper 
part of the valve, and is actuated by a handle. 

On the tops of the purifier covers there should always be 
valves, or stop- cocks, of large dimensions, so as to admit 
air into the purifier when in the act of raising the covers, 
or to expel it when lowering them. Also very small taps 
with a single jet attached, intended for trying the puriiy 
of the gas by means of tests. When the gas is changed 
from one set of purifiers to the other, the cover of that 
purifier requiring fresh lime is removed, when the waste 
lime is discharged, wheeled away, and fresh lime substi- 
tuted. A very common impression exists that the lime to 
be effective should be carefully sifted and reduced to a fine 
powder. This is erroneous; all that is requisite is to 
well slaken it ; which effected, it should always be moist- 
ened to that degree that when pressed in the hand it 
adheres together in a mass like snow; but if too much 
wetted it is likely to obstruct the passage of the gas, and 
should be avoided. A layer of about three or four inches 
thick on the sieves is the most effective. 

It is generally accepted as a rule that a bushel of quick 
lime, which, when slaked and rendered into hydrate, in- 
creases to about 2^- times its original volume, is sufficient 
by the process in question to purify the gas derived from 
a ton of coal. This, however, must greatly depend on the 
quality of the lime, for there are some descriptions which 
contain a large percentage of argil, and althou^ admirably 
adapted for hydraulic mortar, they are ill suited for the 
purification of gas. 

Another consideration is, that some coals contain con- 
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Biderably more sulphur compounds tlum others, therefore 
no general rule can be defined ; but when properly treated, 
and the lime of average quality, the quantity stated may 
be accepted as a good approximation of that required for 
the purification of gas. 

In the ordinary method of purifying, the foul gas is 
admitted first into the purifier the most impregnated with 
impurity, thence it passes to the second, and so to the 
third, where the lime is compguratively clean. When 
purifiers are of ample magnitude, the foul lime if properly 
moistened, remains an active agent in the purification to 
the last ; therefore it is only when the gas begins to indi- 
cate signs of impurity at the fifth division, supposing six 
divisions of purifiers to exist, that they should be changed, 
and by the emplojnnent of apparatus of ample capacity 
only, can lime be employed to the best advantage. 

Oxide of Ieon Purification. 

la 1849, the discovery was made that certain oxides of 
iron possess the property of absorbing the sulphuretted 
hydrogen from the gas, and that by this process the 
nuisance which attended the other systems of purification 
were avoided. Moreover, that the foul material after being 
exposed a certain time to the atmosphere, was again 
revived and capable of repeating its purifying action. 
Thus in ordinary operations with the oxide of iron the 
same material may be employed for thirty or forty times ; 
always being effective but becoming less forcible, accord- 
ing to the number of times it is brought into action. 

There are different descriptions of oxides, but those 
most extensively used are the natural in combination with 
earthy and fibrous material, which are sold at various 
prices corresponding, we may assume, with their respective 
qualities. Others again, as those to be had of drysalters, 
are intermixed with sawdust, and in the selection of these, 
the manager should be guided by the experience of others, 
as it is somewhat difficult to arrive at a fair conclusion <yx 
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the yalue of this material, unless by experiment or the 
advice of a disinterested party. 

Some firms arrange to supply fresh oxide gratuitously 
to large establishments, on the condition of having the 
privilege to cart away the foul material. Other gas 
companies have an arrangement for the supply of oxide, 
either by weight, or measure, or by the quantity of gas 
purified, or the quantity of coal carbonized ; however, in 
this, as in other matters, efficiency of operation should be 
the first, and price the secondary consideration. The 
quantity of sulphur absorbed by the several descriptLons 
of oxides is variable ; some of those usually employed will 
retain about 35 per cent, of their weight, and on being 
gently roasted the sulphur is expelled, when the oxide 
becomes again a purifying agent, but of less activity than 
before. According to a circular of a chemical company,, 
established principally for the supply of fresh, and manu- 
facture of foul oxide, their material absorbs twice its 
weight in sulphur. 

The writer has employed the material commercially 
known as oxide of iron, intermixed with sawdust, which 
answered every expectation on the grounds of efficiency, 
economy, and freedom from nuisance: but aU oxides of 
iron are not effective for the purification of gas ; therefore, 
although this material may in some instances be employed 
with advantage, it cannot always be relied on. Before 
purchasing, samples of the oxide should be obtained, 
and its power for absorbing sulphuretted hydrogen ascer- 
tained, for which instructions are hereafter given. 

In using the oxide of iron of commerce, or others con- 
taining a large quantity of dose solid matter for purifica- 
tion, they are generally intermixed with sawdust, slightly 
moistened, and placed in the dry-lime purifiers in layers 
similar to the Hme, but in greater thickness, and when the 
oxide ceases to absorb the impurity, it is withdrawn and 
placed on a paved floor for the purpose of re-oxidation. 
There are natural oxides which contain a certain amoxmt 
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of fibrous material, and are employed in the state they 
are receiyed without sawdust, but in aU cases before use 
they should be properly moistened. 

This means of purification removes effectively the sul- 
phuretted hydrogen ; and when used little odour arises from 
it ; but for abstracting carbonic acid, lime must be employed. 

In this method of purifying, the oxide of iron and the 
sulphuretted hydrogen are both decomposed, the oxygen 
of ^e former imiting with the hydrogen, and the sulphur 
and iron combining to form sulphuret of iron. When the 
impure material is withdrawn from the purifiers, and 
exposed to the atmosphere, it liberates a portion of its 
sulphur, and absorbs oxygen, to form again the oxide of 
iron ; the other portion of the sulphur, being precipitated, 
combining with the iron. At each revivification the de- 
posit of sulphur is increased, and when the sulphur 
forms about 50 per cent, of the mass, usually the oxide 
is no longer serviceable as a purifying agent. 

Oxide is always charged in much thicker layers than 
lime, generally about 8 or 10 inches, but to what degree 
must depend on its nature and weight, together with the 
size of the purifiers. The thicker the layer the better, so 
long as the pressure is not inconveniently increased. 
When taken from the purifiers, the spent oxide has a 
duU black purple, and with some kinds a dirty green, 
appearance, and is then laid a thickness of 10 or 12 
inches on the ground at a point especially arranged for 
the purpose of revivification. The foul oxide is occa- 
sionally turned over and broken up from day to day, in 
order to expose all its particles to the action of the 
atmosphere, ^and when it resumes its original colour, it 
is suitable to be again employed. Considerable labour is 
incurred in this, which is amply compensated by the slight 
expense of the purifying material. Fresh oxide has a 
tendency to ignite when first used and withdrawn from 
the purifier ; for this reason only a portion of new material 
should be intermixed with the old| as occasion may require. 
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Afl it ie desirable to know the capacity of any particu- 
lar Bamplo for absorbing Bulpliiiretted hydrogen, as well 
as to ascertain the quantity of sulphur in the spent oxide, 
the methods of ascertaining these points are here given 

from Eichardjs' "Treatise." 

To ASCEETAIN THE VALT7E OF AMY PABTICTTLAK OxmE AS 

A PoaiFYiN0 Aqbmt fob absoebino Sulphueettbd 



l^ere is but one vay in which the value of oxide of iron 
for the absorption of sulphuretted hydrogen can be esti- 
mated, and it is equally applicable to lime and all other 




purifying agents, which is as follows, and requires the 
use of two bent tubes, as represented in the auuexed dia- 
gram, Fig. 36, with other apparatus, as weighte, scales, &e. 
The tube a is charged with pieces of chloride of cal- 
cium, and adjusted with corks so as to fit into a Wolff's 
bottle, d, as shown, also to receive the end of a bent pipe 
that is fixed into a largo U-shaped tube b. This U tube 
should have one of its legs and the bent part of it filled with 
200 grains of the oxide in question, which has been pre- 
viously well mixed with an equal weight of sawdust ; the 
other leg to have a small piece of cotton wool put into it, 
and upon this euf&cient chloride of calcium to fill the leg, 
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which is then to be closed with a cork, through which a 
small pipe p£U3ses, as shown in diagram. 

The tube b, when charged, is to be carefully coimter- 
poised in a balance before it is fixed to the tube a ; after 
which acid is to be poured very gently into the Wolff's 
bottle, upon sulphuret of iron, or any other sulphuret 
that will cause a gradual production of sulphuretted 
hydrogen, which is to be continued until that compound 
passes freely out of the small tube «, fixed to the tube b. 
After this evolution of sulphuretted hydrogen has con- 
tinued for about ten minutes, remove the tube b and 
weigh it with its contents, in order to ascertain how much 
sulphuretted hydrogen has been absorbed. By these 
means the weight of the sulphuretted hydrogen absorbed 
will be ascertained, which gives the value of the oxide as 
a gas-purifying agent. 

The use of oxide of iron is an economical method of 
purifying gas, but as stated, it is only available so far as 
regards sulphuretted hydrogen, as it possesses no action 
whatever on the other impurities. The spent oxide is some- 
times purchased by manufacturers for extracting the sul- 
phur, when it is generally required that it shall contain 50 
per cent, of that material. Therefore, when deciding on 
any particular oxide, when the foul material is intended 
for sale, it should be capable of absorbing the percentage 
of sulphur stated. 

To ascertain the quantity of free sulphur in spent oxide : 
' this is acquired by dissolving the sulphur in combina- 
tion with the oxide, with bi-sulphide of carbon and then 
evaporating the liquid, when the crystals give the weight 
of the sulphur contained in the oxide. 

Within the last few years a system of reviving the 
oxide of the purifiers without removing the cover or dis- 
placing the material, has been adopted. For this purpose 
a slight alteration in the purifier is required, by the 
addition of an extra inlet and outiet, connected with their 
corresponding valves. A Korting's blower, similar to tiift 

I 
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Bteam exhauster already mentioned, is then attached to the 
extra inlet, and connected to a steam pipe provided with a 
regulating tap. The extra outlet being open, air is con- 
veyed through the purifier and the noxious vapours pass 
by the outlet. The purifying material may be revived 
twice or three times by these means ; but on account of 
the oxide caking, thus becoming too compact in its nature, 
and obstructing the passage of the gas, the process cannot 
be continued beyond the number of times stated. 

During the process of revivification the oxide beconies 
heated in consequence of the chemical change in its 
nature, and, on the action ceasing, it returns to its normal 
temperature. In using the apparatuB and employing new' 
material, a proportionately small quantity of air is admitted, 
when the steam in combination therewith prevents the 
oxide overheating. 

Sulphate op Iron and Lime Puripioation. 

Another method of purifying gas is by means of the 
sulphate of iron and lime. The mode of preparing this 
mixture is as follows: take any given quantity of sul- 
phate of iron (green copperas), mix with it half its weight 
of recently slaked lime, and adding suflB.cient water to 
make the whole damp; then grind it into pulp in a 
mortar mill, and spread the green coloured pulp on the 
ground in a dry place, and leave it so for twenty-four 
hours, when it will have become dry and of a red-yellow 
colour, in which state it is broken into a coarse powder, 
and is then fit for use in precisely the same way as lime is 
used ; that is, it is spread on the grids of the purifiers a 
thickness of about three inches, when, supposing the 
purifiers of ample capacity, it wiU remove from the gas all 
the ammonia, aU the sulphuretted hydrogen and part of 
the carbonic acid. 

The Sulphur Compounds. 

"We now come to one of the greatest difficulties expe- 
rienced during many years in gas purification, that^is, the 
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method of eliminating tlie sulphur in ** other forms " than 
sulphuretted hydrogen, which expression has been intro- 
duced on account of the obscurity that existed concerning 
those compounds. 

It may be observed that when gas containing an excess 
of the sulphur compounds is burned in close rooms the 
effects are exceedingly disagreeable, and it was highly 
desirable that gas should be purified to such an extent as 
remove these entirely. This, however, has been found 
impracticable, consequently the Legislature has decreed in 
the various Acts of Parliament that gas should be of that 
degree of puriiy that not more than 20 or 25 grains of 
sulphur in any form should exist in 100 cubic feet of gas. 
In practice, however, this degree of excellence was for 
some time difQ.cult of being obtained, when chemists and 
engineers alike exerted themselves without avail. Very 
opportunely Mr. R. H. Patterson, then one of the Metro- 
politan Gas Beferees, directed his attention to the subject, 
when he discovered that if the gas were in the first 
instance freed from carbonic acid, the sulphur "in other 
forms " was readily absorbed by the sulphide of calcium, 
or the ordinary foul lime purifiers ; and by this process, 
the quantity of sulphur per 100 feet of gas is very con- 
siderably less than required by Parliament. 

The means formerly adopted for testing the presence of 
sulphur in gas was with the apparatus Fig, 36, and in the 
manner to be described, which for all the practical pur- 
poses is sufficiently accurate. The apparatus consists of a 
jet flame, a, of the gas under examination, over which is 
a chimney gradually contracted into a small tube, h h, half 
an inch in diameter, which tube is bent and carried 
through a metal cylinder, c, about 18 inches long and 2 
inches diameter. This cylinder is kept full of cold water, 
which is retained by means of india-rubber washers and 
the screwed caps, ^ ^, at each end, which make perfect 
joints, and prevent the water escaping. The funnel d is 
for supplying the tube with water, any excess of which 

I 2 
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overflows by the syphon/ Hence the yapours which escape 
from the combustion of the gas at a pass through the 
tube h, where they are condensed, and drop in the state of 
fluid into a glass placed at the end to receive them ; the car- 
bonic acid escaping at the same open end of the tube. The 
water which drops from the tube is generally colourless, 




vig.se. 



nearly tasteless, but with a peculiar and not unpleasant 
odour. 

When a drop of the nitrate of baryta is added to the 
water condensed from the combustion of ordinary gas, a 
flocculent white powder immediately discolours the water, 
which 18 the sulphate of baryta. 

To obtain the whole of the sulphur present some car- 
bonate of ammonia should be placed around the jets of 
gas in a vessel for the purpose. The vapour of ammonia 



SDLPHTTB TEST. 178 

in pasamg up the tube oombines witli tbe snlplmrotis 
odd, and the Bulpbur compoaad ia condensed in the vatet 
in the form of sulphate of ammonia. 

Hub at one time waa considered a very Bevere test, but 
modem requirementB demand other and more perfect means. 

The following: ia an abstract of the instmctiona given 
by the Metropolitan Qas Befereea for teating the BoLphar 
compoundB other than sulphuretted hydrogen, it being 
understood that the latter ia readily discornvd by the 
ordinary testa : — 

" The gM for tiiia test shall he bnint at the rate of about half a 
cuUo foot per hour, nnldl ten feet ia consumed, when the supply U 
stopped by a self-acting moraiiBnt. 

" Tbe apparatiu to be employed is represented by Fig. 37, and is 
of tbe following deaciiption : tbe gas is burnt ii 
btuner with steatite topi which is 
monnted on a short cylindrical stand 
perforated with boles foe tiie admission 
of air, and having on its upper sorface 
a deep circular chamiel to teceive the 
wide end of a glass trumpet-tube. On 
the top of the stand, between the 
narrow stem of the homer and tbe 
snrrounding glasa trampet-tnbe, are 
to beplaced piecesof commercial sesqoi- 
carhonate of ammonia weighing in all 
about two ounces. 

"The products both of the combus- 
Hon of the gaa and of the gradual 
TolatdlizaUon of tbe ammonia salt go 
upwards through the trampet-tube 
into a vertical glass cylinder, packed 
with halls ot gloss, to break up the 
current and promote condensation. pjg, 37, 

From the top ol the cylinder tharo 

proceeds a long glass pipe ot chimney, serving to effect some further 
condensatiou, as well as to regulate the draught and afford an eiit 
for the uncondensable gases. In tbe bottom of the cylinder ia fixed 
a small glass tube, through wbicb the liquid formed daring the test- 
ing, drops into a beaker placed beneath. 

" All the connectiona of the vaiions parts being perjiectly tight, the 
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apparatus 'being properly constructed, and the burner not consuming 
more than half a cubic foot per hour, the gas examiner shall proceed 
as follows. 

''At the end of each period of testing, the cylinder and trumpet-tube 
are to be well washed out with distilled water. Fresh pieces of sesqui- 
carbonate of ammonia are to be used each day, 

" The liquid in the beaker and the water used in washing out the 
apparatus to be put into a flask or beaker, covered with a large watch- 
glass — treated with hydrochloric add, sufiicient in quantity to leave 
an excess of acid in the solution — and then very gradually raised to 
the boiling point. An excess of a solution of barium chloride is now 
to be added, and the liquid again boiled for five minutes. The vessel 
and its contents are to be allowed to stand till the barium sulphate 
settles at the bottom of the vessel, after which the clear liquid is to 
be as far as possible poured off through a paper filter. The remain- 
ing liquid and barium sulphate are then to be poured on to the filter, 
and the latter well washed with hot distilled water. (In order to 
ascertain whether every trace of barium chloride and ammonium 
chloride has been removed, a small quantity of the washings from the 
filter should be placed in a test tube, and a drop of a solution of silver 
nitrate added ; should the liquid instead of remaining perfectly dear 
become cloudy, the washing must be continued until on repeating the 
test no cloudiness is produced.) Dry the filter with its contents, and 
transfer it into a weighed platinum crucible. Heat the crucible over 
a lamp, increasing the temperature gradually from the point at which 
the paper begins to char up to bright redness. "When no black particles 
remain, allow the crucible to cool ; place it when nearly cold in a 
desiccator over strong sulphuric acid (to prevent absorption of moisture), 
and again weigh it. The difference between the first and second 
weighings of the crucible will give the number of grains of barium 
sulphate. Multiply this number by 11 and divide by 4 : the result is 
the nimiber of grains of sulphur in 100 cubic feet of gas*'' 

From tlie preceding we can understand tlie extreme 
delicacy observed in the modem method of gas-testing; 
and although, so far as we are aware, the various details 
are not adopted by any other gas companies than those 
imder the control of the Board of Trade, it is considered 
necessary to introduce these instructions in order to illus- 
trate the most advanced operations in connection with our 
subject. 

The tests for ammonia, sulphuretted hydrogen, and car- 

k 
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bonic acid, are turmeric paper, acetate of lead paper, blue 
and red litmus papers, and lime water, for preparing which 
instructions are here given. 

To Pbepaee Blue Litmtts Paper. 

In a stoppered bottle put half an ounce of pulverised 
litmus, and to this add three ounces of cold water, which 
should be well shaken, and left some time to dissolve. 
The liquid is then filtered by allowing it to flow through a 
funnel made of white filtering paper. Then place it in a 
clean plate, in which dip some pieces of white filtering 
paper, and when they are well soaked hang them on a 
line to dry. This effected, the paper is cut into strips of 
the desired size, generally about two and a half indies 
long and half an inch wide. These are then either secured 
together to form little books of two dozen leaves each, or 
are put in a wide-mouthed bottle well corked, kept in a 
drawer away from the light ; for such is the sensitive 
nature of these tests that any carbonic acid existing in the 
atmosphere would change their colour, which is also in- 
fluenced by the action of light alone. 

The blue litmus paper is employed to detect the presence 
of acids in gas; such as carbonic acid, or sulphuretted 
hydrogen; but for this object it should be previously 
slightly moistened. 

To Prepare Eed Litmtts Paper. 

Take a quantity of the blue solution of litmus mentioned, 
and add cautiously, drop by drop, a small quantity of very 
dilute sulphuric acid, until a piece of filtering or white 
blotting paper, when dipped therein, acquires a distinctly 
red tinge when dry. Pieces of white filtering paper are 
then soaked in the solution, after which they are hung up 
to dry and cut in slips, as already described. These slips 
must be kept well protected from both air and light, as the 
slightest trace of anmionia or other alkali, would change 
their colour. 
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To Peepase Tuemerio Papee. 

TiumGric paper is prepared by pouring three otmces of 
spirit of wine upon half an ounce of turmeric powder in a 
clean stoppered bottle ; shake it daily, and at the end of 
four days let it repose, so that the brown powder will 
settle at the bottom, and leave the liquor above clear. 
Then place the liquor in a clean plate, into which dip 
some pieces of white filtering paper, and when they are 
well soaked hang them on a line to dry. This done, the 
paper is cut into strips of the dimensions already stated 
when treating on the blue litmus test, which are then 
put in a wide-mouthed bottle, well corked and kept in a 
drawer away from the light. This, like the litmus and 
acetate of lead tests, should be slightly moistened before 
being used. Turmeric paper, when exposed to a jet of 
gas containing ammonia, is changed from its yellow colour 
to a reddish brown. Ammonia is also detected by dipping 
a glass rod into hydrochloric add and holding it in a 
stream of the gas, when, if ammonia be present, a white 
cloud of sal-ammoniac will be produced. 

To Peepaee Acetate of^Lead Paper. 

In a bottle containing two ounces of distilled water 
place a quarter of an ounce of crystallized acetate of lead, 
and when thoroughly dissolved, saturate pieces of white 
bibulous paper as described, and when dry cut in slips 
and bottle as already stated. On this test being exposed 
to gas containing sulphuretted hydrogen, it becomes 
darkened and eventually brown; if after an exposure 
of three minutes the paper does not become discoloured, 
the gas may be considered free from this impurity. 
When applying either of these tests the paper is slightly 
damped and held within about a quarter of an inch from 
a fish-tail burner from which the gas is issuing in fuU 
stream. 
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To Prepare Test for Carbonic Aced. 

Into a bottle containing a quart of water put four 
ounces of quick lime, allow it time to dissolve, shake it 
occasionally, afterwards let the lime settle, and when per- 
fectly clear, transfer the liquor to another bottle, which 
shoidd be kept securely corked. For testing, a piece of 
J-inch lead pipe or india-rubber tube may be attached to 
a small tap, when the gas under examination is allowed to 
blow through a quantity of the lime water placed in a 
wine-glass or other suitable vessel. Should the water 
remain clear after a trial of two minutes the gas may be 
pronounced free from carbonic acid ; but, in the presence 
of this, the lime water becomes cloudy or milky, according 
to the quantity of the impurity. 

In many gas-works the ** constcuit test " shown in Fig. 43 
is employed. For that purpose two pieces of test paper, 
acetate of lead and turmeric paper, are suspended within 
the vessel, their ends dipping into two cups containing 
water, by which means the papers are always kept moist- 
ened. A burner, consuming about two feet per hour, is 
attached, and the gas in its passage to the burner issues 
from the two jets and impinges on the two slips of paper ; 
the case being of glass, allows the test papers to be 
observed. When gas is weU purified, sometimes these 
wiU remain in the apparatus twenty-four hours without 
becoming soiled. 

It may, however, be more convenient for many gas 
managers to purchase the test papers, together with the 
apparatus mentioned hereafter, when treating on the manu- 
facture of the sulphate of ammonia such as the Twaddle 
hydrometers, the alkalimeter, and the test acid. The only 
firm that supply them that we are aware of is, A. Wright 
and Co., Westminster. 
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CHAPTEE XI. 

GAS-HOLDERS. * 

The earliest Gas-holders— Gas-holders, how constructed — Gas-holder 
Tanks — Brick Tanks — Portland Cement — Eoman Cement — 
Puddle, cost of — Specification of — Stone Tanks — Composite 
Tanks — Cast-iron Tanks — Specification of Compound Tanks — 
Annular Tanks — Guide-columns and Girders — General Conditions 
of Contract — The Gkus-holder — Single Lift — Telescopic — Mr. 
Wyatt's Holder — Specifications of Apparatus for Gas-works of 
Yaiious Dimensions. 

As observed in our historical sketch, the gas-holder was 
invented about 1781, at the period when the existence of 
gases began to attract the attention of scientific men. 

These vessels were originally termed gasometers, which 
term is sometimes even now applied. This name was given 
by the inventor of the apparatus, who at first intended it 
only as a measurer of gas for experimental purposes ; but 
as they are seldom used for measurement, but are mere 
vessels of capacity or stores, the simple name of gas-holder 
is more expressive aad appropriate. 

The gas-holder is composed of two distinct parts, one of 
which contains water, and is called the tank, the other is 
the vessel which contains the gas, being really the gas- 
holder. On the Continent the former is very generally 
termed the ** cistern," and the latter the "beU." 

The earliest gas-holders were made in the form of cubes 
and other rectangular figures ; but these possessed several 
disadvantages, independently of the waste of material 
required to construct a rectangular figure, as compared 
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with that necessary for a cylindrical vessel of any given 
capacity. The comers and angles of the square fig^es 
were also found to require bracing, and other precautions 
were requisite in order to render llie resistance uniform. 

In the earliest years of gas-lighting, wooden tanks were 
made for the gas-holders to work in, but this was at a time 
when these vessels did not exceed in size some of the large 
vats, or backs, in use at the great porter breweries. The 
construction of these wooden tanks was in fact intrusted 
to back-makers, who used to guarantee the duration of the 
vessels for some period of time agreed on ; however, these 
tanks were speedily destroyed by the action of the ammonia- 
cal liquor contained in them corroding their hoops ; besides, 
it is evident that the rapid increase which took place in 
the consumption of gas, and consequently the size of gas- 
holders, required the adoption of a different material for 
the tanks. 

After a deputation from the Eoyal Society, with Sir 
Joseph Banks at its head, had visited the gas-works of the 
Chartered Company in Westminster in the year 1814, they 
strongly recommended Government to restrict the company 
from constructing gas-holders exceeding 6,000 feet in 
capacity, which were moreover to be confined in very strong 
buildings. When Clegg published his work in 1841, he 
says, ** Gas-holders are now constructed to contain 250,000 
feet.'* Since then the dimensions of gas-holders have been 
increased twelvefold, as there actually exists at the Phoenix 
Company's station a holder of the capacity of 3,000,000 
cubic feet ; and in the course of a short time even these 
colossal dimensions will be surpassed. Indeed, Mr. Wyatt 
proposes to construct for the Gas-Light and Coke Company, 
a holder of 5,000,000 feet, to which we refer hereafter, and 
Mr. Livesey has the tank of a liolder of like capacity now 
in the course of erection. 

At the present time, and indeed since 1818, gas-holders 
have invariably been made cylindrical. The tank is a 
large cylindrical vessel, usually constructed, for the sake of 
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ecouomy, of brickwork, masonry, or concrete ; but when 
the ground is maxshy, or when water exists abundantly a 
short distance below the surface of the earth, which would 
prevent the construction in brick or masonry at a moderate 
price, then tanks are made in cast iron, and, indeed, in 
small works, they are sometimes of wrought iron. In the 
interior of the tank there are two vertical pipes for the 
admission and egress of the gas, called the inlet and outlet 
pipes, the former being in direct communication with the 
manufacturing apparatus, the latter with the mains which 
convey the gas to the town. These pipes rise a few inches 
above the level of the top of the tank, so that the water can- 
not overflow into them. A series of colunms or standards, 
generally of cast iron, but frequently of wrought iron, 
are placed at equal distances around ihe tank for the pur- 
pose of guiding the holder. 

The holder is a cylindrical vessel closed at the top, which 
is termed the roof, and open at the bottom, made of sheet 
iron, varying in thickness according to the dimensions of 
the apparatus ; the smaller sizes being made of thinner 
material in order to avoid an excess of pressure; whilst 
those of very large dimensions are of stout plates for the 
purpose of obtaining sufficient pressure, or force, to expel 
the gas to the burners. The holder is somewhat less in 
diameter, but of the same depth as the tank in which it is 
placed, and is sometimes suspended by chains which pass 
over grooved pulleys and counter-balance weights; but 
more frequently it is only guided by roUers attached 
around its lower and upper edges, which work against 
suitable guides in the tank and on the columns, in such a 
manner, as to permit the holder to ascend and descend in 
the tank with freedom. 

The action of the gas-holder is very simple, and the tank 
in which the holder is immersed being filled with water, it 
is then ready for use. There is a space between the sur- 
face of the water and the roof of the holder ; the gas enters 
by the inlet pipe into this space, and with the force it ac- 
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quires in being expelled from the coal, pressing on the 
surface of the water and underneath the roof, and over the 
whole area of both, causes the holder to rise. Thus, by 
its own force or pressure, the gas provides room for itself, 
and in proportion to the quantity entering, so does the 
holder rise out of the water. For instance, a holder 
having 100 feet area, or about 11 feet 4 inches diameter, 
in rising 10 feet will receive 1,000 cubic feet of gas, and in 
descending the same quantiiy will be expelled. 

The water in the tank serves three purposes ; it is the 
means of resistance for the gas to lift the holder, it pre- 
vents the gas escaping or intermi^dng with the atmosphere, 
and is the means of expelling the gas when the holder 
descends. 

Qas-holders, although of ten suspended, are never entirely 
counterbalanced, but always have sufficient weight to give 
the necessary pressure to force the gas through the mains 
and burners. A gas-holder when in action should never 
be filled entirely, but at least one plate, and in telescopic 
holders, the two lowest plates, should be left immersed in 
the water, in order to allow for any expansion of the gas ; 
and in our opinion a large portion of the ** imaccoimted 
for gas" is lost, at the gas-holder, by overfilling, when 
any increase of temperature expands Uie gas, and causes 
the holder ''to blow." 

In the department of gas engineering there are several 
manufacturing firms of eminence, who devote themselves 
to the manufacture of gas-holders, and the concentrated 
attention which the subject thus receives has undoubtedly 
led to very favourable results. An engineer in erecting a 
works may receive tenders for his gas-holders from a 
number of well-qualified contractors, who have relatively 
their own method of construction, and thus he may be 
saved all the trouble and responsibility of designing these 
vessels himself. 

As explained hereafter, there are the single, the double, 
and the treble lift holder. By means of the two last the 
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capacity of a holder for a tank of any given dimensions 
may be nearly doubled by the double lift, and trebled by 
the three-lift holder. 

Gas-holdee Tanks. 

The tanks of gas-holders are formed either of brickwork, 
masonry, cast iron, and sometimes, although very rarely, 
of wrought iron, as weU as a compound of materials ; and 
within the last few years they have been built of concrete ; 
to each of which constructions we will now refer. 

Beick Tanks. 

When the nature of the ground is solid and permits of 
the tank of a gas-holder being constructed in brickwork or 
masonry, the tank is sunk to a considerable depth, and, as 
generally built, the top is about 1 foot 6 inches or 2 feet 
above the level of the ground, for the purpose of preventing 
anything from falling accidentally into it; but in some 
cases, where water prevents the excavation being carried 
sufficiently deep, tanks of brick or masonry are made to 
project as much as 6 feet above the level of the surface. 
When this occurs they must be remarkably weU con- 
structed and of increased thickness; also, for greater 
security, the part projecting above the ground should be 
bound with one or more iron hoops, similar to those em- 
ployed in cast-iron tanks. 

Formerly the whole of the ground in the centre of the 
tank was removed, making the bottom level ; this system, 
however, is now superseded by leaving a mound in the 
centre, in the form of the frustum of a cone or a part of a 
sphere. 

Whatever may be the kind of tank intended to be erected, 
the first consideration is the foundation, and the nature of 
the ground where it is to be constructed. The choice will 
also depend on the description of material at hand and 
the price ; thus whether bricks, stone, or ballast, are the 
most available, will decide on the description of tank to 
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1)6 erected. But eihoTild the site be doubtful as to its 
stability or subject to any inundations, or should the 
required skilled labour or material for a brick or stone 
tank not be at command, a cast-iron tank will be the most 
suitable ; and although it may be more costly, it is much 
safer than any other, particularly when the proper men for 
building are not available. 

Within the last few years, by the more general applica- 
tion of Portland cement, a remarkable change has taken 
place in the construction of the class of tanks imder con- 
sideration; and in many cases where clay suitable for puddle 
cannot be obtained at a reasonable cost, brick tanks are 
built -svithout it ; which with good material and suitable 
workmen at hand offers no serious difficulty, but demands 
great care. 

When building a brick tank without puddle the bricks 
should be weU burnt, and thoroughly saturated with water 
just before being laid; and each brick should be well 
embedded in the hydraulic mortar or cement, so that the 
whole of the work shall be solid. Beyond these precau- 
tions there is nothing particular in the construction of a 
holder tank, more than in any other kind of bmlding. 

However, it is generally considered by engineers, that 
when puddle can be procured at a moderate cost, the whole 
surface of flooring of the intended tank, should have a 
layer of about 12 inches of that material, well tempered 
and trampled down before commencing the building ; and 
of course this, as well as the puddle at the back of walls, 
will have to be considered in the dimensions of thQ excava- 
tion. This opinion we have no hesitation in saying is old- 
fashioned, and with the excellent building materials such 
as blue lias lime, and Portland cement at our disposal, the 
use of puddle can be entirely discarded. 

The thickness of brickwork or masonry for a tank, must 
depend entirely on its size and depth. Small tanks — on 
accoimt of not having the same colimm of water to resist 
against — ^require walls of less thickness than those of lar^e 
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dimensians. Under ordmaiy drcnmstancefl, for a tank of 
37 feet diameter and 16 feet deep, the base of footings 
Blionld be Si bricks wide, with offsets on the outside for 5 
or 6 courses, when the wall of the tank oonunenoes ; which 
should be 2^ bricks thick at bottom, dfminishing by two 
offsets on the outside to H brick thick at ixrp, terminating 
with a stone coping, or, when strict economy is necessary, 
a coping of brick on edge. 

For a tank 100 feet diameter and 25 feet deep, the walls 
should be 4 bricks thick at bottom, diminishing to 2^ 
bricks at top ; the footings being 6 bricks wide at base, 
gradually diminishing, as before stated, to the course where 
the wall commences. Piers will also have to be carried up 
from the footings in order to receive the holding-down bolts 
by which the guide-columns or standards are secured. 

When building a brick tank, as far as practicable, the 
whole of the sides should be carried up uniformly, aud 
the piers for the standards weU bonded with the wall. 
The whole of the bricks, as already observed, shoTild be 
good, hard, well-burnt stocks, and thoroughly saturated 
with water previously to being laid. The importance of 
having the bricks well wetted can not be overrated when 
good, sound, and strong work is desired. 

Boman cement, which at one time was used for hydraulic 
work, is now no longer employed, for the simple reason that 
it sets with such rapidity as not to give the requisite time 
to work it properly. Most of the common mortars, when in 
contact with water, will dissolve by degrees, become soft, and 
in time the joints will be imperfect, and the destructive 
power of the water will soon show itself on the brickwork ; 
therefore cement or hydraulic mortar must be employed. 
The best material of all for mortar for hydraulic work, is 
undoubtedly Portland cement, mixed with two or three 
times its bulk of good dean sand. This cement, when enter- 
ing into the formation of concrete, will set xmder water, 
supposing this to be still ; hence, when making foundations, 
the concrete can be thrown into an excavation containing 
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water with every assurance of its liardening. Another 
quality of Portland cement is that with time, it increases in 
hardness, imtil at the end of a year or so, it becomes con- 
siderably harder than many descriptions of stone. Lias 
lime makes also a good hydraulic mortar. Also a natural 
production from Italy, called puzzolana, resembling in ap- 
pearance, when in powder, the red oxide of manganese, is 
very excellent for rendering ordinary lime hydraulic. Pre- 
viously to being used, the puzzolana should be ground to 
a powder, and mixed in the proportion of one of that to 
three or four of lime slaked, and the corresponding quantity 
of sand, to be made into mortar. 

Puddle is formed of plastic clay, and is sometimes pre- 
pared by men treading upon it repeatedly, and moistening 
it with water ; but by the most improved method it is pre- 
pared with a pug mill. When puddle is used, on the 
excavation being completed, the whole of the area of the 
bottom is covered to a thickness of about 12 inches of that 
material ; which, after being properly levelled, the brick- 
work is commenced thereon. The spaces for the piers also 
are considered in the excavation. 

In the construction of a brick or stone tank, whether 
with or without puddle, the footings of the walls and piers 
are first laid, and upon these the wall is carried up as 
described. When economy is considered, the top of the 
tank is finished by a course of bricks on edge, which for all 
purposes is all that is required. However, many engineers 
go to the useless expense of stone for coping, as well as for 
ttie foundation of the standards. Where money is abundant 
there can be no objection to that luxury ; but when this is 
not the case, brickwork alike for the top of the piers, and 
building in the holding-down bolts, answers every purpose. 

In carrying up the brickwork of the tank, the puddle is 
placed in a uniform thickness against the outer side of the 
wall, and as the space between the puddle and the solid 
groimd becomes wider, this must be carefully filled in with 
earth weU rammed in thin courses, corresponding with the 
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progress of the wall and puddle. In some very small 
works the dry well containing the inlet and outlet pipes is 
dispensed with, and the side of the tank is built with a 
small recess sufficiently deep and wide enough to receive 
the pipes, which are placed close to each other and provided 
with their corresponding syphons. This system is more 
economical than the other, but possesses some disadvan* 
tages, among which is, that in the event of the pipes 
becoming obstructed they are not so readily cleared as 
when the dry weU exists. 

The duration of a tank will materially depend on the 
perfection of the brickwork; but when properly con* 
structed, a tank may be pronounced practically everlasting. 

As some guide to the cost of brick tanks, it may be ob- 
served that brickwork is generally measured by the rod of 
the standard thickness of 1^ bricks, of which 272 feet super- 
ficial make a rod ; therefore, whatever may be the thickness 
of the walls, it will have to be reduced to the standard, and 
estimated accordingly. The price of concrete walls with 
one-eighth Portland cement is £10 per rod. The brick- 
work in Portland cement may be estimated at £20 per rod, 
and, with due care, by observing the preceding instruc- 
tions as regards wetting and embedding the bricks in the 
mortar, a sound tank may be assured by any ordinary good 
bricklayer. 

The following, taken from ''Eichards* Treatise" is an 

Abstract of a Specification of a Oas-holder Tank 33 feet 4 inches in 
diameter and 12 feet 3 inches in heiffht, suitable for a holder Z2feet 
in diameter and 12 feet deep at the sides, capable of containing 9,500 
cubic feet of gas, including seal of six inches, 

''The ground to be excavated in the place indicated, of a diameter 
of 38 feet, forming an annular space of 4 feet wide, perfectly level, and 
12 feet deep, leaving a dome in the centre of 30 feet diameter at base 
and 7 feet high in vertical section. The excavation to have sufficient 
slope to prevent the ground slipping, or, if necessary, to be shored in 
such a manner as not to interfere with the progress of the building. 
The excavation for the dry well to be made at the same time, also a 
communication between this and the tank for the purpose of placing 
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the inlet and outlet pipes which will be done before the concrete of the 
centre is laid. The excavation to be kept dear of water doling the 
construction. 

** Concrete. A bed of concrete, 12 inches thick, to be laid around the 
outer part of the excavation and levelledy and to be continued over the 
whole of the dome a like uniform thickness throughout. The concrete 
to be formed of seven parts of clean ballast and gravel with one of 
Portland cement, the whole to be thoroughly mixed. 

^* Brickwork, All the bricks to be hard, well-burnt stocks, and each 
brick to be thoroughly wetted just previous to laying and embedded 
in the cement, so that all the joints are flushed or filled, to be laid in 
Portland cement and clean sand mortar, in the proportion of one of 
cement and three of sand. The concrete of the annular space being 
levelled, a course of footings for the wall of the tank of three bricks 
wide, also for the four piers of three and a half bricks square, will 
then be laid, the internal diameter of this being 32 feet 8 inches. On 
these footings the wall of the tank is then commenced, of an internal 
diameter of 83 feet 4 inches, and carried up two bricks thick to a 
height of 7 feet 6 inches. At this point the wall will be diminished to 
one and a half brick thick for a height of 12 feet, on which a course of 
bricks on edge, 16 inches in width and projecting 2 inches beyond the 
outside of the tank, are to be laid perfectly level over the whole of the 
top of the wall. The four piers to be each three bricks square at base, 
tapering to two and a half bricks at the top of the wall, to be bonded 
with the wall from bottom to top. At the height of 7 feet 3 inches 
four cast-iron washers with the holding-down bolts will be built in 
each of the piers, the holding-down bolts being supported by wooden 
templates, having holes corresponding with those of the bases of the 
guide-columns, care being taken that they are exactly equidistant and 
at the proper height and level with each other. A course of flat tiles 
will be set in cement over the annular space around the dome. On the 
centre of dome there will be a dwarf pier of 3 feet high, two bricks 
square at base, and one and a half brick square at top, for the purpose 
of supporting the centre pipe of holder when down. 

'*The ground to be filled in behind the wall and rammed as the 
work progresses, care being taken not to injure the brickwork. The 
tank, when completed, to be a true cylinder, and perfectly plumb at 
the sides. The walls, as well as the centre dome, to be afterwards 
rendered with neat cement to a thickness of not less than ^ of an 
inch, and to be worked with the trowel so as to form a smooth 
surface. 

<'To construct a dry well adjoining the tank of 3 feet 6 inches in- 
ternal diameter to the depth of 13 feet, the footings of wall to be two 
courses of one and a half brick, and on this the wall will be buil\» ^1 



188 GAS-HOLDERS. 

one brick tliick, set in hydraulic mortar to the height of the ground 
level, where it will be finished by a course of bricks on edge, set in 
Portland cement and sand. 

'* All surplus earth to be carted away, and the ground left level as 
before the commencement of the work." 

In ihe preceding some idea of the method of constructing 
brick tanks without puddle is given. As our space is 
necessarily limited, we intend only to furnish abstracts 
from specifications. A form of the general conditions, of 
contracts between a gas company and contractor, by Mr. 
Wyatt, is given hereafter. 

Stone Tanks. 

Where stone is abundant, tanks can be constructed eco- 
nomically with blocks of about the size of large paving- 
stones, built in hydraulic mortar, backed with rubble 
masonry, the walls being rather thicker than when built of 
brick. A perfectly sound tank can be so constructed with- 
out puddle, the only precaution requisite being, to well 
moisten the stones and embed them in the cement or mortar, 
as indicated already in the construction of brick tanks. 

When the ground is soft it is cheaper to make the 
centre nearly flat; but should the foimdations be under 
water then the mound in the centre has an advantage, as 
it avoids excavating, concreting, or puddling in the water. 

In some localities neither puddle nor bricks are to be 
obtained, when recourse must be had to the building 
material of the coxmtry ; and this, in some of the islands 
of the Mediterranean and elsewhere, consists almost en- 
tirely of freestone, which serves alike for walls, roofs, and 
often flooring, thus replacing bricks, tiles, and boarding. 
In such places a more suitable material for gas-holder 
tanks can only be procured at a most extravagant cost ; 
nevertheless, even with this, a good and sound tank can be 
constructed without the aid of puddle. 

For this object the stone is obtained in suitable blocks 
and faced to the required curve, the foundation or flooring 
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being composed of concrete ; the wall is built with Port- 
land cement or other hydraulic material, such as lias lime 
or ordinary lime mortar intermixed with puzzolana, well 
backed with rubble. When the tank is finished the whole 
of the interior is ** rendered" with (by preference) pure Port- 
land cement, a thickness of about f of an inch, which is well 
flatted with the trowel ; or, supposing all the joints of the 
wall to be pointed, two or three coats of hot thick tar over 
the whole surface will stop all the pores of the stone and 
make the tank sound. With good close-grained stone 
there is no difficulty whatever in making a tank perfectly 
sound without puddle ; and it is highly desirable that this 
should be the case, inasmuch as in localities where stone 
abounds, as a rule, plastic day is scarce. 

No matter the kind of tank that may be required, 
whether stone, brick, or concrete, we have always found it 
the surest and the simplest method, to fix at the centre 
point a post, to which is attached a rod of a length equal 
to the radius of the tank. This rod is so arranged as to 
revolve with facility, and at its extreme end is a plumb-bob, 
by which the exact positions for the templates correspond- 
ing with the curve of the interior of the tank are adjusted. 
Thus with 2 wooden templates, each of 8 or 10 feet in 
length, corresponding with the curve of the holder, by the 
aid of the plumb-bob the work is carried out with every 
certainty, and by it may be proved at any stage. 

When building stone tanks the centre part, as well as the 
foundation of the walls, are generally formed of concrete, of 
from 9 to 15 inches thick, according to the diameter of the 
tank; the only precaution necessary is to have a sufficiency 
of liquid cement, in order to fill all the interstices between 
the ballast and gravel, and to have all the material dean and 
well intermixed with the cement, or hydraulic mortar, that 
may be employed. The centre is afterwards " rendered " 
with cement or hydraulic mortar. 

The footings are then commenced, the face of the wall 
being formed of stones dressed on five sides, thus preaei;\^ 
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ing a good face for the interior of the tank, and offering 
four good surfaces for the joints. The wall is then backed 
with rubble to the required thickness, but all the stone- 
work, whether faced or rubble, should be wetted at the 
moment of laying, and aU the joints on the face of the 
wall should be pointed. 

Generally it is preferable to place the inlet and outlet 
pipes in their positions, with their corresponding syphons 
in the dry well, in the act of laying the concrete for the 
foundations of the tank. By these means a great deal of 
trouble which is incurred when holes are left for the pipes, 
is avoided. 

Stone tanks will vary in price according to the site, and 
the price of stone ; but we believe that, except imder extra- 
ordinary circumstances, an average of about £12 per 1,000 
feet tank may be taken as their cost. 

Composite Tanks. 

With the view of avoiding the expense attending the 
construction of the sides of gas-holder tanks of brickwork, 
particularly in localities where ballast can be obtained at a 
reasonable rate, some engineers have introduced the com- 
posite system. This consists of forming the facing of the 
wall of brickwork, which is backed to the desired thick- 
ness with concrete ; originally there was an inner and outer 
facing of brickwork, according to the thickness of the wall, 
and the intermediate space was fdled with concrete. 

These kinds of tanks have been erected at some of the 
largest gas-works in the kingdom, but it must be observed 
that they are invariably puddled, which literally means 
that reliability cannot be placed on the structure to retain 
water, without the aid of that material. But we are of 
opinion that with modem experience and the excellent 
building materials such as Portland cement and lias lime 
at our command, every tank should be built in such a 
manner as to be impermeable without the aid of puddle, 
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whicli in Bome localities is yeiy ezpensiTe, and at times it 
cannot be obtained at any reasonable price. 

A composite tank was constructed by Mr. Livesey, at the 
South Metropolitan Works, London, of 153 feet in dia- 
meter and 38 feet deep in the dear. The wall of this is 
4 feet 3 inches thick at the bottom, diminishing to 2 feet 
3 inches at the top, including bricks and concrete. The 
whole area of the bottom, as well as beneath and outside 
the wall, is puddled. The saying effected in building this 
tank by using concrete instead of brickwork was £1,700, 
and there is every reason to believe that, in addition to the 
economy, the former is stronger than the latter. 

OoNCBETE Tanks. 

In some localities, where ballast and shingle are abun- 
dant, the most economical tank is that formed entirely of 
concrete, which, construction has been recently adopted at 
works of the largest magnitude. We may also observe 
that during the last few years concrete walls and buildings 
have become of very general adoption, and it would not be 
flattering to the intelligence of gas engineers, if they 
neglected the use of this material in the formation of 
tanks. 

The merit of making the first concrete tank is due to 
Mr. Douglas, of Portsea. The system employed by that 
gentleman is as foUows. The excavation being made, a 
layer of concrete of the desired thickness is placed so as to 
form the footings of the wall, which being perfectly 
levelled, the wall is commenced. For this purpose there 
are a number of moulds, of which a portion is made to the 
curvature of the interior of the tank ; another like number 
to suit the exterior ; whilst others are made corresponding 
with the piers. These moulds are formed of stout boards 
of say 9 feet in length and 2 feet in breadth, placed in a 
vertical position and parallel to each other in the exact 
locality where the wall is to be built. They are separated 
from each other a distance eg^ual to the ihickness of the 
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intended wall, but secured from farther separation by 
bolts and nuts. These being arranged, the concrete is 
carefully placed therein in such a manner as to avoid air 
pockets or spaces in the wall, and in the course of two or 
three days, on the concrete becoming set, the frame is 
detached by unscrewing the nuts and removed to another 
part, after which the bolt-holes are securely closed. 

But in the meantime the other parts of the wall are 
constructed with other moulds, so that the men employed 
(who, when compared with those required for a brick tank, 
are few in number) are constantly engaged from the com- 
mencement to the termination of the tank. From this it is 
obvious that an ample number of moulds is necessary, in 
order that no delay may occur in the work. The lower 
course around the tank being completed, which we have 
assumed to be 2 feet high, together with the commence- 
ment of the piers, the moulds are placed for the second 
course, which is carried out precisely in the same manner 
as the preceding. However, the precaution has to be 
observed, that when building, previous to laying fresh 
concrete against that already set, the latter should be well 
wetted, as already indicated in building stone and brick 
tanks, in order that the fresh concrete shall adhere to the 
other. 

One of the most interesting structures of the kind under 
consideration is the concrete tank with its corresponding 
holder lately erected by Mr. Valon at Ramsga,te. This 
tank is 112 feet in diameter and 26 feet deep; formed 
entirely of concrete rendered with Portland cement 
and sand, in the proportion of one of the former to two 
of the latter. The excavation is annidar, and in chalk, 
to within 1 1 feet of the top of the tank, at which point the 
whole of the ground is removed, thus leaving a cylinder 
or '* dumpling" of about 102 feet in diameter and 16 f0et 
deep in the centre of the tank. The concrete consists of 
three of ballast, two of sand — both clean and free from dirt 
— and one of Portland cement. The outer wall averages 
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2 feet thick; but the part above the chalk is supported by 
three iron bands 6 inches by 1 inch, placed at equal distances 
and filled in solid with the concrete. The inner wall 
averages 18 inches thick. Both walls, as well as the top of 
the dumpling, are rendered with cement as stated. 

The method of construction differs materially from that 
already described, for instead of employing a number of 
moulds, a wooden framing was made exactly corresponding 
with the interior of the wall of the tank, and one half its 
height. This was fixed in its position, when the concrete 
as prepared was thrown into its place. On the lower half 
being completed the framing or walling was then removed 
and adjusted to the upper half of the tank, when the 
concrete work of the outer wall was completed. The inner 
wall was formed in a similar manner. This tank is perfectly 
sound, and is in' every sense an excellent structure and 
cost £3,500. 

We may remark that the holder of this tank is telescopic, 
having two lifts rising to a height of 52 feet, and contains 
500,000 cubic feet. There are fourteen standards and two 
tiers of lattice girders, all of wrought iron. The j..^ and 
sides are strongly trussed as we had occasion to observe in 
the course of erection, while the thinnest sheets employed 
are No. 12 B W gauge. The whole is of excellent design, 
very substantial in all its parts, and cost, including the iron 
hoops for the tank, £5,500. Thus Mr. Yalon possesses the 
merit of having constructed the cheapest gas-holder and 
tank on record, which cost at the rate of £18 per 1,000 feet, 
or 4 '3d. per cubic foot. This apparatus has been in 
operation some months, and leaves nothing to be desired, 
and considering its capaciiy, it is second to none. 

Another tank of stHl larger dimensions, namely, 184 
feet in diameter and 47 feet deep, has been constructed by 
Mr. Livesey, also entirely of concrete, without a brick or 
stone in the ordinary sense of the word, or a foot of puddle 
entering into the whole of the immense structure, which has 
been in the main successful ; and but for the undue haste 

K 
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observed in brmging it into active operation, it would liave 
been all that could be possibly desired. Therefore if 
puddle can be successfully dispensed with in a work of 
this magnitude, it is certain that it is not necessary in tanks 
of smaller dimensions. 

The success of a concrete tank depends on the care 
observed in the operation of construction ; and the prin- 
cipal points are, to have the sand, ballast, or shingle free 
from dirt and earthy or clayey matter. Whether the sand 
be sea or river does not matter, but it must be clean, and 
if granulated the better. The quality of good Portland 
cement, and the proportions for concrete as defined by Mr. 
Wyatt, the constructing engineer of the Gas-light and 
Coke Company, are as follows : — 

*' The cement not to weigh less than 1 12 lbs. per imperial 
bushel, and to be tested from time to time by those in charge 
of the work, for cohesive strength and setting properties. 
There must be a cohesive strength in the pure cement of 
more than 200 lbs. per square inch, after seven days' im- 
mersion in- water, and 500 lbs. after one year's immersion. 

** The whole of the concrete to be composed of 1 part of 
Portland cement as above, and 7 parts of gravel measured 
dry and net. The gravel to be composed of 5 parts of coarse 
screened stones, up to Ij- inch diameter, and 2 parts of sand." 

The ballast from the sea-shore is the most suitable 'for 

» 

the purpose, on account of its freedom from dirt. Sea 
sand for building dwellings is not desirable, because it 
retains a portion of salt, which shows its presence in wet 
weather by the walls becoming damp. This, however, in 
a gas-holder tank is not to be considered. 

A concrete tank is liable to much greater variation in its 
cost than any other description, and will mainly depend on 
the price of Portland cement and the ballast. We believe 
they ought, under favourable circumstances, to be erected 
at about £8 per 1,000 feet capacity. 

When entering into the description of the construction 
of a concrete tank, Mr. Douglas gives, some details, in 
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wHcli lie says, "Throwing the concrete from a height 
should be avoided, because the elements of the concrete, 
having different specific gravities, fall in a heap together, 
and the cement is thus separated from the other material." 
"We are of opinion that the defect of this arises from the 
liquid cement being ejected from the mass when falling on 
the ground, by which the concrete is rendered porous. 
We also differ on another point from that gentleman, when 
he asserts that, ''concrete will leak like a colander." 

In our opinion, the degree of impermeability of a mix- 
ture of cement and sand will depend on the freedom of the 
latter from any foreign matter ; for it being conceded that 
pure cement is not porous,- it follows that, if intermixed with 
powdered glass, then both on account of the cohesive 
aflSnity existing between the two substances, as well as 
their nature, the compoimd wiU be as impermeable as the 
pure cement. If, again, the cement be intermixed with 
perfectly clean sand (and if granulated all the better), the 
mixture will be foimd equally desirable for the object. 
This is not only correct in theory, but is confirmed by ex- 
periments made with the view of determining a point upon 
which much diversiiy of opinion exists. 

To this we may add that in an experiment made to test 
the suitability of concrete for a tank, we made one of small 
gravel and cement of about j- an inch thick, 8 inches high, 
and of a like diameter. This was filled with water, and 
remained perfectly tight during several months, which in 
our opinion settles the question. However, it must be 
admitted that engineers have been very cautious in intro- 
ducing any imprgvements into the construction of holder 
tanks, and when the risk is duly considered it is not 
surprising. Nevertheless, concrete tanks of the largest 
magnitude are made, and one is now in the course of con- 
struction at the South Metropolitan Gas "Works for a 
holder of five million feet ; but whether they can be made 
sound when erecting, or whether they require to be after- 
wards rendered, does not materially affect the expense. 

k2 
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Oast-ieon Tanks. 

When the tank is made of cast iron, the pieces of which 
it is composed are usually plates about 4 feet 6 inches long 
and 3 feet 6 inches deep, having flanges all round them of 
2i or 3 inches wide. The flanges are cast with holes 
about 6 inches apart, to receive the bolts used for fixing 
the plates together. The plates vary in thickness accord- 
ing to the dimensions of the tank for which they are 
intended. In large tanks, from 80 to 150 feet in diameter, 
the bottom is formed of plates varying from Ij- to 1 inch 
thick, and the side plates vary from H to 1 inch thick for 
the bottom tiers, and from J to 4 ii^ch thick for the top 
tiers. The plates for smaller tanks are thinner th'an those 
stated ; for a tank 25 feet diameter and 10 feet deep they 
are not required thicker than .4 inch for the bottom and 
lower tier of sides, and i inch or less for the top tier. In 
all cases it is essential to place iron bands or hoops around 
the exterior, which are made secure with cotters, as with- 
out these the soundness of the tank cannot be assured. 

A case recently occurred where a holder with a cast-iron 
tank of about 80 feet in diameter and 20 feet deep, after 
being completed and in action for a few days, the tank 
suddenly gave way and the whole became a complete 
wreck ; at the same time the gas was ignited by some light 
in the vicinity, and burnt with an immense flame for a 
minute when the town was put in darkness. Fortunately 
there were other holders, although not in action at the 
time. The cause of this accident was the weakness of the 
hoops, and these giving way, the tank by the force of the 
water was broken into innumerable pieces, and a low wall 
demolished. 

Iron tanks are made of various sizes up to 150 feet ki 
diameter, but seldom more than 25 feet deep. The columns, 
or standards for guiding the holder, are generally attached 
to brick piers by means of holding-down bolts built therein, 
which piers are separated from the holder, in order that 
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any settlement that might occur with the one would not 
affect the other. For very small holders, brackets for 
carrying the columns are cast on the tank, and the colunms 
are connected together at the top by T iron girders. 

When cast-iron tanks are erected, they require a suitable 
foundation of concrete, which should be made perfectly 
level, and the bottom plates securely embedded in the mortar. 
Sometimes baulks of timber placed transversely are used 
instead of concrete ; but as these are likely to be destroyed 
by rot, on this account concrete is decidedly preferable. 

The flanges of the bottom plates are always inside 
the tank, which offers great facility for bolting and caulk- 
ing the joints. The flanges of the sides are generally on 
the outside, but sometimes, although rarely, for the sake 
of appearance, they are placed inside the tank. This, 
however, is very injudicious, for in this case, in the event of 
a plate breaking or a joint leaking, after the holder is in 
operation, it is very difficult to repair. 

The following specification wiU clearly describe the 
manner of constructing the vessels under consideration : — 

Specification of a Cast-iron Tank for a Gas-holder iOfeet in diameter and 

12 feet deep, 

''The tank to be 41 feet in diameter and 12 feet deep to top of in- 
ternal flanges on the bottom plates, internal measure, and to be con- 
structed as follows : 

*' The bottom to be formed of four rings of plates, with a centre 
plate 3 feet in diameter by f inch thick. The first row next to the 
centre plate to be 4 feet 4 inches long, by 3 feet 1 inch wide at the outer 
end, by 10 inches at the inner end, and H inch thick of metal. The 
second row to be 4 feet 10} inches long, by 2 feet 11 inches wide at 
the outer end, by 1 foot 7 inches wide at the inner end, and i J inch 
tldck of metal. The third row to be 4 feet 10} inches long, by 3 feet 
wide at the outer end, by 2 feet } inch at the inner end, and H inch 
thick of metal ; and the fourth row to be 3 feet wide at the outer end, 
by 2 feet 3 inches wide at the inner end, and | inch thick, and to be 
4 feet 10} inches long from the inner end to the inside of flange on the 
outer end ; this outer flange to project 3 inches above the plate and to 
be curved so as to coincide with the, radius of the tank. On the toi^ 
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of this flange is to be foimed the flange for bolting to tbe bottom 
ring of side plates, thns : 

'* The whole of the bottom plates to have flanges | inch thick cast 
on them, and projecting 3 inches above their upper surface, and pro- 
vided with 2 inch square holes for bolts placed 6 inches apart from 
centre to centre, also brackets f inch thick between the bolt-holes. 
Each flange to be set back ^h ^ch from the edge of the plate so as to 
leave a space of f inch for jointing. 

''The plates to be bolted together by bolts | inch thick, square 
under the head, with strong hexagonal heads and nuts, and provided 
with a inch washers, the joints to be made with ordinary iron cement, 
well caulked in from the inside. 

" The sides of the tank to be formed of three tiers of plates, each 
tier consisting of forty-three plates 4 feet high and 3 feet wide, and 
truly curved on the inner side to a radius of 20 feet 6 inches. 

*' The bottom tier to be f inch thick, the middle tier H inch thick, and 
the top tier { inch thick, ^ch plate to have a flange f inch thick, 
cast in each of its four sides, and projecting 3 inches beyond its outer 
surface, with f square holes for bolts placed 6 inches apart from centre 
to centre, and intervening brackets f inch thick between all the bolt- 
holes. The outer extremity of these flanges to have chipping pieces 
cast on them i^ inch thick, the thickness of the plate, so as to leave a 
space of f inch for jointing. 

" These, like the bottom plates, to be bolted together by bolts | inch 
thick square under the heads, with strong hexagon heads and nuts, 
and provided with U washers. The joints to be made with ordinary 
cement, well caulked from the outside. 

** The bolt-holes must be cast on the flanges in such a manner as to 
coincide exactly with each other, without chipping or enlarging when 
the plates are fitted in their respective places. On the outside of the 
bottom and middle tier of the side plates, and at a height of 2 feet 
above their lower edges, a rib of flange is to be cast 3 inches wide and 
^ inch thick, with brackets on each side f inch thick and 6 inches 
apart. These ribs are intended to form a continuous and level bearing 
around the outside of tank for the wrought-iron hoops. The vertical 
flanges at the points where these ribs intersect them to have projec- 
tions cast thereon, for the purpose of supporting the wrought-iron 
hoops. 

''These hoops or belts to be three in number, one 4 inches broad 
and j inch thick, for the bottom tier of the plates, and the others 3 
inches broad and f inch thick for the remaining tiers. Each belt to 
be provided with three joints or couplings, in no part of less strength 
than the body of the belt, and with cotters of the same thickness. 



COMPOUND TANKS. 199 

Each section of these helts to be in two pieces, which are io be con- 
nected by a fish-plate 18 inches long, and of the width and thickness 
of the respective belts, and riveted thereto by |-inch rivets, at 2 inches 
apart from each other. 

*^ In the centre of one of the plates, forming the centre row of bottom 
plates, a hole 6 inches in diameter to be cast for the inlets, and in the 
centre of the adjoining plate a hole 6 inches in diameter for the outlet 
pipe. Each plate for a space of 3 inches round the hole to be mado 
f inch thicker than the rest of the plate. 

'* The whole of the plates to be fitted together and plainly marked 
for fixing in their respective places, and to be painted with a coat of 
metallic oxide paint previous to delivery. The whole of the material 
herein specified to constitute a tank, which, when erected, shall be 
truly cylindrical and of the dimensions given." 

The total weight of the tank thus specified is 57 tons 
7 cwt., of which about 52 tons are cast iron ; the rest, com- 
prising the hoops, bolts, and nuts, are of wrought iron. On 
supposing, therefore, the former to be £8 and the latter 
£18 per ton, the price delivered would be £512. To this 
must be added carriage, say 20s. per ton, and estimating 
the expense of preparing the ground and erecting the tank 
to be £60, its total cost would be about £630. 

Cast-iron tanks cost about from £25 to £33 per 1,000 feet 
capacity of tank ; therefore their high price only permits 
of their being adopted under exceptional circumstances. 

Compound Tanks. 

Tanks which are constructed with the outer wall or sides 
of cast iron, and the centre part of clay, concrete, or other 
material, are called compound tanks, but however desirable 
they may be in certain localities, they are seldom adopted. 

There are certain localities where the site is of good 
plastic clay and is thoroughly impermeable. An instance 
of this occurs at the Pancras station of the Gas-light 
Company, where, in a tank of 145 feet in diameter, at a 
depth of 32 feet the clay only is relied on to retain the water. 
This, however, cannot be surprising when we reflect on 
the amount of confidence there always exists in puddle^ 
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wliicli is frequently placed a thickness of one foot only ; 
and this is depended upon to remedy all the evils of im- 
perfect workmanship. 

In localities like that in question, the greatest facilities 
are afforded for the construction of a compound tank, the 
ground of the interior of which may be left in its natural 
state, when the wall of cast iron only would be required. 
When constructing a compound tank in a plastic clayey 
soil, the excavation is made to the desired depth and 
diameter, and made perfectly level at the circumference. 
The sides of the tank are formed of plates bolted together, 
and cemented as already described. The bottom of the 
lowest tier is provided with a broad flange and placed in 
its exact position on a bed of puddle. Afterwards, when 
the whole of the circle of all the different tiers of plates is 
completed, and properly bolted and cemented, the whole 
of the fliinge should be well puddled on the inside and 
outside, which would retain the water with all certainty. 

Mr. Q-. W. Stevenson constructed a tank of the descrip- 
tion in question some years ago, in which the foundation 
for the sides was formed of dressed stones, properly 
levelled ; in these, was cut a channel of about 3 inches 
deep and the same width, in order to receive the bottom 
plates of the side. The bottom row of plates being bolted 
and cemented, the channel was afterwards filled with 
pure Portland cement which made a perfectly soimd joint. 

In order to appreciate more fully the value of this 
method of construction, let us assume that in a certain 
locality it is required to build a tank, the whole or the 
greater portion of which shall project above the level 
of the groimd, which may be occasioned by any of the 
various circumstances already referred to. Now as the 
average areas of the interior of tanks are equal to the 
surface of their walls, and as the plates for the former are 
thicker than the latter, it follows that the centre contains 
a greater weight of metal than the walls, and when we 
come to tanks of great diameter and shallow depth this 
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yariation is very important, as we find in a tank of 150 feet 
in diameter and 22 feet deep that the surface of its central 
area is about 70 per cent, greater than that of the walls. 
Hence, under these conditions, it becomes simply a ques- 
tion of the price of iron against the other building material 
which may be employed to replace it ; and if we suppose 
this to be Portland cement concrete, adapted to a tank of 
large dimensions, say 150 feet in diameter, it would have 
a thickness of 15 inches, and when rendered with pure 
cement would cost about 9s. per square yard. On the 
other hand, the weight of a square yard of plate for a 
similar description of tank would be about 6 cwt., costing 
about five times the price of the concrete. Thus, under 
these circumstances, by the adoption of the compound tank 
of the diameter stated, instead of forming the whole of 
cast iron, an economy will be effected imder average con- 
ditions of upwards of £1,700. In addition to this there 
is the other consideration that the whole of the concrete 
work could be executed by ordinary labourers, which in 
certain localities abroad, where skilled labour is difficult to 
obtain, is a further recommendation. 

In impermeable clayey sites, the price will be con- 
siderably less, and often compound tanks will not be more 
costly than those of brickwork or masonry; of course, 
everything depends on the price of bricks, transport, and 
sometimes the customs duties, will prevent iron being 
adopted. 

Annulae Tanks. 

Annular tanks have been constructed of brickwork; 
but in all cases they are very expensive. They have 
also been made of wrought iron, but only under extra- 
ordinary circumstances have they been adopted. One of 
these was built at the station of the Surrey Consumers' 
Company at Eotherhithe, the necessity for which arose 
from the very unstable nature of the ground. The site of 
these works immediately adjoins the river Theunes ; the 

K 3 
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soil is loose sand, through which the water percolates with 
facility at a depth of 12 feet from the surface. The engi- 
neer, Mr. Finlay, aftw duly considering the unstable 
nature of the site, and the flexibility of wrought against 
cast iron in the event of any settlement, decided on 
forming the tank in segments, thus conflning the opera- 
tions to a limited area, and the whole was successfully 
accomplished. A remarkable feature in this structure 
is that the entire of the central area is rendered imper- 
meable by puddle alone, which was transported to the 
locality. Annular tanks may also be adopted with economy 
in localities such as Eamsgate, where the site is composed 
of chalk, and the expense of excavation would be excessive. 
Under these conditions it will be often cheaper to buUd 
the inner wall than excavate. A cast-iron annular tank 
existed for many years at the late City of London Com- 
pany's works. They are, however, always expensive, 
unless of very large diameter and shallow depth, and shoidd 
only be employed when rendered absolutely necessary by 
the nature of ilie site. 

Gthdb Columns, Standabds, and Gebdees. 

Whatever may be the description of tank constructed — 
whether of brickwork, masonry, or iron — it is necessary to 
erect suitable guide-colunms, or standards, to guide the 
holder, and of sufficient stabiliiy, in order to prevent it 
from being blown over by the wind. With tanks sunk in 
the ground, the piers for supporting the guide-columns 
are provided for in the foundations, and are carried up 
from those points, and when within a few feet from the 
top of the tank the holding-down bolts are bmlt into the 
piers in such a manner, that the base plate of each column 
is secured with corresponding nuts. 

The guide-columns are generally cylindrical and of cast 
iron, as shown in drawing, page 208, and are braced 
together at the top, and sometimes midway, by girders, 
which are either of oast iron or wrought iron, or a combi- 
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nation of the two, and on wUcli the ornamentation of a 
gas-holder principally depends. 

In many of the gas-holders of modem structure the 
standards are of wrought iron and trussed. But whether 
cast or wrought iron be employed, each of the columns is 
provided with a guide rib which extends the whole range 
of the holder, alike in single as in telescopic holders. 

With cast-iron tanks the piers are carried up separate 
from the tank, in order that any settlement that may take 
place in one will not affect the other. 

The following is a copy of the conditions drawn up by 
Mr. Wyatt for the construction of a gas-holder tank which 
is applicable to most descriptions of work : — 

Chndittons, 

" The contract is to include the provision of all materials and labour 
for completing the works shown on the drawings and described in the 
specification. 

" The contractor must set out the works, and must satisfy himself as 
to the accuracy of the same, as he will be responsible for any error in 
the form of the works. ^ 

<* The works are to be performed under the control and supervision 
of the engineer, or such person or persons as may be appointed for 
such purpose, and whose decision upon all matters will be final. All 
orders for new or altered works will be made in writing by the 
engineer. 

'* All materials delivered by the contractors upon the site of works 
to become the property of the company, and shall not be removable 
without the engineer's consent. All materials disapproved of by the 
engineer shall be removed from the site of the works within forty- 
eight hours of the contractor receiving notice thereof from the 
engineer. 

<< In case the company shall consider it desirable to alter any portion 
of the work, adding to or diminishing the amount thereof, or changing 
one kind of material for another, the same shall be executed under the 
conditions of this specification, and measured up and paid for at the 
Bchedtile of prices annexed hereto, or, where no price is afiBxed for the 
work, the same shall be valued by the engineer, whose opinion thereon 
shall be final. The value of such works shall be accordingly added to, 
or deducted from, the amount of the contract. 

" The contractor will be required to furnish a monthly statement ia 
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the engineer of all eztraa or departures from the contract, and a 
numthljr stock acooont of all materials deUrered hy the contractor 
upon the woila. 

** The contractor mnst guarantee the company harmless against all 
accident or damage to the company's property or works, or the proper- 
ties and works of others, during the progress of the contract, and inci- 
dent thereto* 

^Should the progress of the works not be deemed satis&ctory at 
any time by the engineer, he may take the works in hand and nse the 
contractor's plant and materials on the groond, and deduct the cost of 
such proceedings from any balance due to the contractor. Such 
operation on the part of the engineer shall not reliere the contractor 
from any liabilities under the contract. 

"The contractor shall maintain and uphold the works in an efficient 
state for twelye months from the time of completion, as certified by 
the engineer, and shall then hand them over to the company sound 
and efficient, making good all defects, accidents, and damages during 
such term. Any reparation performed by the company during the 
maintenance, in consequence of the contractor £uling to do so, shall be 
charged to the contractor. 

"All measurements for quantities and estimates will be based upon 
the net dimensions shown on the drawings. 

'* Payments will be made monthly upon the amount of work per- 
formed during the preceding month, equal to 80 percent, of such work 
done and certified by the engineer, and the remainder will be retained 
as a drawback or security for the performance of the works. Half 
the drawback Tvill be paid within three months, and the remaining 
half within twelve months of the certified completion of the works by 
the engineer. ' 

** The contractor to find two sureties for the proper performance of 
the contract in the sum of £ 

" The work to be completed by the , and in default thereof 

the contractor will allow a discount off the gross amount of the con- 
tract of per cent, for each month the works remain unfinished. 

" A sum equal to half per cent, on the contract amoimt to be in- 
oluded in the tender for the taking out of the quantities attached in 
this Bpecifioation." 

The Gas-holdeb. 

There are two kinds of gas-holders, the one called the 
single lift, and the other the telescopic, hereafter to be 
mentioned. The single lift consists simply of a cylindrical 
vessel in the tank as already described, and represented in 
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Fig. 38, of whicli a quarter part is remoyed in order to 
show one of the pipes and the manner the roof is supported. 
The stand-pipe well is shown in section, with one of the 
two pipes with its syphon at the bottom. The holder is 
about 42 feet in diameter and 16 feet deep, and has six 
cast-iron columns, which serve for guides for the rollers 
on top of the holder. The columns axe attached to each 
other at the top by cast or wrought iron girders. 

The holder, when raised by the action of the gas, has 
very Httle strain upon it ; and only when empty, or whei 
it touches the ground, do the roof and sides require any 
support. For this object, roofs are sustained generally by 
** trussing." This trussing consists of a series of radiating 
bars of T or flat bar iron, diverging at equal distances 
from the centre plate, called the " crown plate," to the 
angle iron, or top curb, or angle of the holder. The roof 
is sustained by a king-post in the centre, which is sup- 
ported by tension rods from the top curb ; there are also 
suspension rods which carry struts for sustaining the centre 
of the radiating bars. A series of circles of bracket bars 
attached to the radiating bars complete the trussing of 
roof. The sides in large holders have also trussing to 
prevent the holder ''bulging" or "buckling" when 
grounding. 

In holders of great dimensions the trussing enters for a 
large portion of the expense ; in addition, it greatly in- 
creases the weight, and in consequence the pressure, 
which is often by no means desirable. It is a very 
important consideration in the erection of gas-holders, to 
adjust them in such a manner that the pressure of the gas, 
shall not much exceed the maximum pressure required 
to supply the town or locality. Whenever an exhauster 
is not employed, an excessive pressure acts seriously on 
the retorts, causing a large increase in the carbonaceous 
deposit in them, when the production of gas is materially 
diminished, the gas is deteriorated in quality, while the fuel 
and labour are increased ; and even when the exhauster is 
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used, anj snperftiunis pressure on the holder throws im- 
neoessaiy labour on the engine, and of course requires 
more fueL Therefore all small holders, particularly when 
there is no exhauster, should be counterbalanced in such 
a manner as to be enabled to giye the maximum pressure 
required in the locality, but no more. When holders are 
suspended by counterbalance weig^its, the excess of 
pressure can g^erally be considerably reduced by placing 
extra weights; and in many small works, where the holder 
is not suspended, the loss by excessive pressure is of im- 
portance. 

Oas engineers are not unanimous in opinion as to the 
necessity of trussing the roofs of holders. The majority 
adhere to the old system of trussing, whilst others dispense 
with it entirely. Although in the most recent construc- 
tion of the largest gas-holder in the world, erected at the 
station of the Phoenix Company, London, and designed 
by their engineer, Mr. 0. Woodall, the trussing for the 
roof is dispensed with, and on. the holder groxmding, its 
roof is supported by props situated at various points over 
the whole area of the tank. Without doubt this system 
has several advantages, being simpler, cheaper, and pos- 
sessing much greater durability than when trussed ; in 
consequence of all the iron entering into the formation 
composing the sheets, which are consequently rendered 
much thicker, than when trussing is employed. 

A gas-holder 100 feet diameter and 25 feet deep, when 
trussed, weighs about 100 tons, and gives a pressure of 
about 5i inches of water, and of this weight about 30 tons 
consist of trussing. Now, if we suppose a pressure of 
3 inches to be adequate to supply a district, it is obvious 
the extra pressure must be prejudicial. In this case, if 
the trussing were dispensed with, the holder would be so 
much lighter as to give only the 3 inches pressure desired, 
whilst its strength and durability would be retained. 
There are few districts where a greater pressure than 3 
inches is requisite, or at least, where the district is 
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moderately level, and the mains of sucli capacity as not to 
demand a heavier pressure than that stated for supplying 
the locality. By moderate pressure, the loss by leakage, 
and the inconvenience and loss to gas consumers, who are 
improvided with regulators, are avoided. 

The thickness of plates commonly used in the construc- 
tion of gas-holders varies from No. 1 8 to No. 1 1 wire gauge, 
the first of these being less than -sV of an inch in thickness, 
weighing 1 -86 lbs. per square foot, while the other is ^ of 
an inch, and weighs 5 lbs. per foot. In holders of very 
large diameter, the plates are required to be considerably 
thicker than those of small dimensions, in order to obtain 
the necessary pressure for supplying the district. 

The pressure of gas enclosed is dependent on the total 
weight of the holder containing it, and on the area of its 
roof. The water in the tank being the resisting medium to 
the pressure, a quantity of this, equal in weight to that of 
the holder, is always (^splaced by the latter rising. Thus, 
by a knowledge of the pressure given by a holder, and the 
area of the top of the vessel, a dose approximation to its 
weight may be ascertained; and, on the contrary, the 
weight and area being given, the pressure is readily 
known. 

For this, and many similar purposes, the weight of a 
cubic foot of water, which is 62J lbs., is the basis of calcu- 
lation. Hence a column of water exactly 1 foot square 
and 12 inches high is equal to 62^ lbs., or a column of 
the same area 3 inches high, 15*625 lbs., or 1 inch high, 
5-24 lbs., &c. 

If, therefore, it be required to ascertain the weight of a 
holder, not counterbalanced, giving a certain pressure, say * 
3 inches when full, and the sides nearly out of the water, 
then, on multiplying the area of the top in feet, by the 
weight corresponding to a column of water of the height of 
pressure, the weight is ascertained. For example, a holder 
is 11 feet 4 inches in diameter, its area being 100 feet, 
giving 3 inches pressure. Then 1 00 multiplied by 1 5 * 625 lbs. 
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gives 1,662 J lbs. as tlie total weight of holder. Or, the 
weight being given, the pressure is calculated by dividing 
the total weight by the area in feet, when the weight of a 
square foot is found, from which the pressure the holder 
wiU give is known. Thus, reversing the figures just men- 
tioned 1,662J lbs. divided by 100 feet gives 15-625 lbs., 
corresponding to a column of water 3 inches high, or that 
pressure. 

By the same means, if it be requisite to know the weight 
required to be placed on a holder to produce a certain 
increased pressure, then the weight of column of desired 
pressure multiplied by the area of top of holder in feet 
gives the weight. Thus, if the pressure of the before- 
mentioned holder requires to be augmented, say, 1 inch, that 
is, from 3 inches to 4 inches, then the weight of a column 
of 1 inch being 5*24 lbs. multiplied by the area of top, 
gives 524 lbs. as the necessary weight. These calculations 
are approximative ; for them to be rigidly exact the holder 
should be filled with air, or an allowance made for the 
specific gravity of the gas. The same rule applies to the 
weight of governors and pressure registers. 

When a holder is nearly at the bottom and its side plates 
immersed in water it becomes somewhat lighter, and in 
consequence, the pressure is less than when it is f uU and 
the sides out of the water. Many attempts have been made 
to remedy this, but the difference is so slight, being 2 or 3 
tenths, as to render any means to prevent it quite unne- 
cessary. 

Telescopic Q-as-holdees. 

When ground is expensive, telescopic gas-holders, which 
are capable of storing nearly two or three times more gas 
in a given area than can be done by the single holder just 
described, are very generally used. Another advantage is 
that with the telescope system, the cost of the tank and 
holder per 1,000 feet is materially reduced. 

The telescopic gas-holder consists of an ordinary sin^lok 
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holder, called the upper lift, surrounded by a cylinder of 
sheet iron, similar to the side of the holder, and of about the 
same height. These are both immersed in the same tank, 
the depth of which is equal to that of the holder, or sur- 
rounding cylinder. By an ingenious contrivance, the gas 
on entering causes the holder to rise, and when full, lifts 
with it the outer cylinder, caUed the lower lift, elongating 
like the tubes of a telescope, from whence it derives its 
name. To effect this, on the bottom, extending around the 
holder, there is an annular cup of about from 6 to 9 inches 
wide and from 12 inches to 24 inches deep, formed by 
T iron and plates, represented in section hj a h c d (Fig. 
39), which, in rising, is filled with water as shown, and is 
called the water lute. 

The surrounding cylinder, or lower lift, is about from 12 
to 18 inches larger in diameter than the holder, and is fur- 
nished with a similar annular cup (/^), but inverted, 
called the ''grip," and when the holder rises to the top, the 
inverted cup "grips" or hooks on to the water lute of the 
holder, thus hermetically sealing the two vessels together 
on the same principle as observed in the purifiers, where 
the means of preventing the gas from escaping from the 
cistern around are adopted. The holder in rising carries 
with it the second '' lift," the two reaching a height nearly 
twice the depth of the tank. Sometimes the treble lift 
holder is employed, in which there are two cylinders or 
lifts, when the storage is increased nearly three-fold for 
the same area of tank, as compared with the single holder. 

In order to insure the proper working of the two vessels 
together, the work is required to be executed with the 
greatest care. It is usual to fix on the upper edge of 
the lower lift a series of friction rollers, which press on the 
upper lift and thus make the motion uniform and prevent 
the escape of water from the lute. These friction rollers 
are usually from 4 to 6 inches in diameter, about 4 inches 
broad, and placed 10 or 12 feet apart all round the circum- 
ference of the lower vessel. 
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It is yery essential in telescopic • gas-holders of small 
diameter of 100 feet and less, that the lifts should be par- 
tially counterbalanced by suitable weights 
and chains, otherwise, on account of the 
great weight of water in the lute, the pres- 
sure is yery exceesiye «ad irregular. The 
coimterbalance weights also assist in the 
regular and effectiye working of the lift. ^ 
In holders of kucger diameter than that 
stated counterbalance weights are not em- 
ployed. 

In Fig. 40 is repres^ited a large tele- 
scope holder, designjed by Messrs. Dempster 
and Sons of EUand, such as are constructed 
in gas-works of the present day, which are 
in every sense of the term far superior to 
the apparatus formerly employed. This Fi(f.89. 
superiority in construction is, however, ren- 
dered absolutely necessary in order that the holders should 
always maintain a horizontal position, and prevent the 
' water of the lutes from esoaping. 

But although telescopic gas-holders possess advantages, 
they should not be used in very cold climates, as in the 
depth of winter, when a sharp frost sets in, and causes the 
water in the lutes to freeze, they are excessively trouble- 
some, and require constant attention to break the ice of 
the lutes in order to prevent an accident. Sometimes, 
through neglect of this precaution, holders have been 
disabled and rendered useless. Another evil with tele- 
scopic gas-holders is, that when erected near the sea-shore, 
in a few years the action of the atmosphere destroys the 
plates in immediate proximity to the lute. Or it some- 
times occurs that a leakage takes place in the cup of 
the lute, when, consequently, often a great loss of gas is 
sustained. 

These are evils which may arise from the use of tele- 
scopic gas-holders, but their very general adoption at lar^<2^ 



MR. wyatt's new gas-holder. 213 

works in the United Kingdom, proves that practically no. 
inconvenience is experienced on these grounds, and is 
sufficient guarantee of the excellence of the apparatus in 
question, and should induce Continental Gas Companies to 
adopt them. 

Mr. Wyatt has favoured us with some particulars relat- 
ing to a new gas-holder he has recently designed, which 
is both novel and ingenious in its construction. This is 
composed of a central holder 100 feet in diameter, guided 
by 16 strong braced standards, which are supported by 
eight braced* girders at the top, and two tiers of ring 
girders. Concentric to the central holder is an annular 
holder of 332 feet diameter on the exterior, and 132 feet 
interior, thus leaving a space of 16 feet between the two 
holders, which admits of a framing of extraordinary 
strength being constructed. The holders are attached 
together at the top, the annular like the central, being 
guided by the standards mentioned. They are telescopic, 
rising to a height of 76 feet, and will contain the enormous 
quantity of five million cubic feet of gas; being, with 
one exception, twice the capacity of any existing holder. 

According to the opinion of Mr. Wyatt, by the adoption 
of this system, the roof being comparatively small, the 
details will be of a light character, and a saving of 30 per 
cent, will be effected in the construction of large gas- 
holders and tanks. The works of that gentleman have 
always been singularly successful, and we are assured 
that this great undertaking will be no exception to the 
rule. 

The following specifications of the material required in 
gas-works of three different magnitudes are extracted with 
permission from the ** Gas and Water Engineers' Book of 
Eeference," by Mr. George Bower, of St. Neots, Himts, 
and wiU no doubt be found desirable, particularly by those 
engineers who are engaged in the construction of new, 
or in the alterations of old, works. 
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air pings and firames, and hooks for lifting ; 4 covers for inlet pipes ; 
2 lifting carriages and chain slings for removing and replacing covers; 
1 5-inch centre change valve, for passing the gas through any three 
of the purifiers in succession, or through all four purifiers in suc- 
cession. 

Station Meter, — One station meter, capable of registering 1,500 cubic 
feet of gas per hour, fitted with water gauge, filling plug, &c. ; 1 
5-inch fourway, by-pass, and shut-off rising plug valve, to act as by- 
pass to station meter, and stop-valve to inlet of gas-holder. 

Oaa-holder. — One gas-holder, 45 feet diameter by 14 feet deep at the 
sides, containing 22,000 cubic feet of gas—the sheets forming the 
crown and sides to be of No. 15 Birmingham wire gauge thickness, 
excepting the top and bottom rows, which are to be of No. 14 B, w. g., 
with strong and suitable internal framework; 6 cast-iron g^de 
columns, each 15 feet high; 6 trussed wrought-iron girders and bolts, 
to connect the tops of columns ; 18 foundation bolts and 6 foundation 
plates ; 6 guide pulleys, with carriages, adjusting plates, axles, and 
bolts for top of sides ; and 12 g^de rollers, with carriages, axles, and 
bolts for bottom of sides of gas-holder ; 6 caps for tops of columns. 

Governor, — One station governor, fitted complete ; 1 5-inch fourway, 
by-pass, and shut-off rising plug valve to act as by-pass to governor, 
and as stop- valve to outlet of gas-holder. 

Conneetions, %e. — ^All the necessary 5-inch connecting pipes, not 
exceeding 100 yards, with bends. and T pieces for connecting the 
hydraulic main, condenser, scrubber, purifiers, station meter, gas- 
holder, and governor ; also 30 yards of 3-inch pipe, with bends and 
T pieces for connecting the tar dip cisterns and from thence to tar 
weU ; 2 5-inch tank syphon boxes ; 2 f -inch wrought-iron suction 
pipes. 

Sundries, — One 2J-inch lift and force pump for water, with bolts 
and plates for fixing to wall ; l|-inch suction and 1-inch delivery pipe 
with bends and connections ; 1 wrought-iron cistern to contain 100 
gallons ; 1 1-inch supply-pipe and connections from cistern to scmb- 
ber; 1 1-inch supply pipe and connections from cisterns to retort 
house, with }-inch draw-off cock and key ; 1 3i-inch tar pump, with 
wrought-iron clip for securing to wall; 1 swivel joint; 1 j-inch 
suction pipe, chain, and shackle; 1 10-inch drain grate and frame ; 2 
pressure gauges, on boards, and 1 test cock with service pipes, bends, 
and tees. 

Tools, — One set of stoking tools; 1 firing shovel; 1 charging shovel; 
1 iron coke barrow ; 1 galvanized iron pail ; 1 2-gallon water pot ; 1 
pair of sight hole tongs ; 1 auger for ascension pipes ; 1 trowel ; 1 
coal hammer ; 1 retort Hd scraper ; 2 lime sieves ; 1 lime shovel ; 1 
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brass syphon pump. To provide all bolts, pins, rivets, cement, lead, 
yam, red and white lead, paint and oil, required to fix the above, and 
to g^ve the whole one coat of metallic oxide paint after completion. 

Total dead weight of ironwork, 45 tons. 

Quantity of Firebricks, ^c, required to $et Retorte, — 5,760 square and 
850 arch bricks ; 8 lumps, 26 inches by 12 inches by 6 inches ; 16 lamps, 
10 inches by 9 inches by 6 inches ; 16 lumps, 8 inches by 5 inches by 4 
inches by 6 inches; 8 pairs of flue lums; 8 lumps, 11 inches ^by 6 
inches by 7 inches by 5 inches thick ; 27 tiles, 18 inches by 12 inches 
by 3 inches ; 10 tiles, 22 inches by 18 inches by 3 inches ; 7 tiles, 17 
inches by 12 inches by 3 inches; 14 tiles, 17 indies by 12 inches by 
2\ inches; and 70 cwt. of fireclay. Weight of firebricks, &c., 27 
tons 10 cwt. 

Specification op Appabatus poe the Manupactxthb and Supply 
OF 15,000,000 Cubic Feet of Coal Gas pee Annum. 

Retort Stack, — Five evaporating pans; 15 furnace bars; 5 dead 
plates ; 5 bearing bars ; 5 furnace frames with double doors ; 20 shield 
tiles for furnace doors; 50 sight boxes and covers; 16 pilasters; 8 
tie bolts ; 10 holding plates for furnace door frames and 20 bolts ; 5 
damper tiles, with wrought-iron rods ; 35 fireclay O-shaped retorts, 
each 8 feet long by 17 inches wide by 13 inches deep, inside measures; 
35 mouthpieces and 50 covers for ditto ; 210 f -inch T'headed bolts for 
mouthpieces ; 35 pairs of wrought-iron ears ; 35 cross-bars, and 35 
square-threaded T screws ; 35 5-inch saddle flange pipes and bolts ; 
35 ascension pipes, 5-inch to 4-inch bore ; 35 4-inch N pipes, with 
cleaning plugs; 35 4-inch dip pipes and bolts; 1 hydraulic main, 16- 
inch diameter of bore, and of sufficient length to receive the dip pipes 
from all the retorts, with ends and bolts ; 6 crutched pillars to support 
hydraulic main. 

Condenser. — One air condenser on the annular principle, consisting 
of 8 outer tubes, each of 21 -inch external diameter and 12 feet high, 
and having a flange at each end, and 8 inner tubes, each of 12-inch 
external diameter and 15 feet high, with flange at each end ; 1 top 
box in 4 parts, and 1 bottom box in 5 parts, with cleaning doors and 
bolts ; 5 4-inch T pipes, with cleaning caps and bolts ; 1 8-inch T 
pipe, with cleaning cap and bolts for inlet to condenser; 1 8-inch 
bend, with cleaning cap and bolts for outlet from condenser ; 2 dip 
cisterns, each 18 inches by 18 inches by 21 inches deep, each intern^ 
tube to be provided with a damper for controlling the current of air. 

Scrubbers. — Two coke or breeze scrubbers, each 3 feet 6 inches dia- 
meter by 12 feet high, fitted with 2 tiers of cast-iron grids, with 
wrought-iron T bearers for supporting ditto ; 3 filling and discharging 
doors and frames, with wronght-iron ears, cross-bars, T screws and 

L 
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bolts ; 1 water difitributing apparatus, with main cock and key. Each 
scrubber to have also a base plate and cap ; 2 S-inch T pipes, with 
deaniug caps and bolts for inlet and outlet ; 2 dip cisterns, each 18 
inches by 18 inches by 21 inches deep. To provide 1 8-inch sixway 
rising plug yalve, arranged to pass the gas through both scrubbers at 
once, or to by-pass one or both scrubbers as required. 

Uxhauster. — One exhausting apparatus in duplicate, each part to 
be capable of passing 5,000 cubic feet of gas per hour, with steam 
engines, boilers, gearing, framework, fittings, steam and exhaust pipes, 
feed pumps and pipes, fly-wheels, shafts, plummer blocks, goyemors, 
throttle valves and stop valves complete ; the exhausters, engines, and 
boilers to be so arranged that either exhauster, engine, or boiler can 
be shut off, or either exhauster can be worked by either engine as re- 
quired. One governor, with gearing and valve placed on the gas 
supply pipe ; 1 self-acting by-pass valve ; 1 8-inch sixway rising 
plug valve, arranged to pass the gas through both exhausters at once, 
or to by-pass one or both exhausters. 

Purifiera. — Four dry lime purifiers, each 8 feet by 8 feet by 3 feet 
deep, and fitted with 4 tiers of wood sieves or grids, resting on ledges 
cast on the side of purifiers, and on wrought-iron T bearers ; water 
lutes, with wrought-iron tum-buckles; wrought-iron covers, with 
ground air plugs and frames, and hooks for lifting ; 4 covers for inlet 
pipes ; 2 lifting carriages and chain slings for removing and replacing 
the covers of purifiers ; 4 wrought-iron lattice girders for carrying 
lifting carriages and covers. To provide 1 8-inch centre change valve 
for passing the gas through any three of the purifiers in succession, or 
through all four purifiers in succession as required. 

Station Meter. — One station meter, capable of registering 5,000 cubic 
feet of gas per hour, and fitted with pressure and water gauges, tell- 
tale, indices, filling plug, &c. To provide 1 8-inch fourway, by-pass, 
and shut-off rising plug valve, to act as by-pass to station meter, and 
as stop valve to inlet of gas-holder. 

Oaa-holder. — One gas-holder," 70 feet diameter by 20 feet deep at the 
sides, containing 77,000 cubic feet of gas. The sheets forming the 
crown to be of No. 14 Birmingham wire gauge thickness, excepting 
the outer row, which is to be of No. 12 Birmingham wire gauge thick- 
ness ; the sheets forming the sides to be of No. 14 Birmingham wire 
gauge thickness, excepting the top and bottom rows, which are to be 
of No. 12 Birmingham wire gauge thickness; to have strong and 
suitable internal framework. Seven cast-iron guide columns, each 
21 feet high; 7 wrought-iron lattice girders, with cast-iron sockets 
and bolts for securing to tops of columns ; 7 tops or caps for colunms 
and bolts; 21 foundation bolts and 7 foundation plates; 7 guide 
pulleys, with carriages, adjusting plates, axles, and bolts for top of 
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sides ; and U guide rollers, with carriages, axles, and bolts for bottom 
of sides of gas-holder. 

Governor, — One station governor fitted complete; 1 10-inch four* 
"way, by-pass, and shut-ofif rising plug valye to act as by-pass to 
governor, and as stop valve to outlet of gas-holder. 

Connections, ^c, — ^All the necessary 8-inch pipe, not exceeding 100 
yards, with bends and T pieces for connecting the hydraulic main, 
condenser, scrubber, exhauster, purifiers, station meter, and gas- 
holder, and 60 yards of 10-inch pipe, with bends and T pieces to con- 
nect the gas-holder and governor ; also 40 yards of 4-inch pipe, with 
bends and T pieces, for connecting the tar dip cisterns and from thence 
to tar well ; 1 8-inch and 1 10-inch syphon boxes ; 2 f -inch wrought- 
iron suction pipes. 

Sundries. — One 3-inch lift and force pump for water, with gearing 
and framework for working by hand or by power ; suction and de- 
livery pipes to cistern, with bends and connections ; 1 wrought-iron 
cistern to contain 300 gallons ; water supply pipes and connections 
from cistern to retort house, purifier house, and scrubber,- with 2 
draw-off cocks; 1 supply pipe and cock, with bends and connections, 
and 8 feed pipes from cistern to condenser ; 1 supply pipe and cocks, 
with bends and connections from cistern to feed-pumps ; 1 4-inch tar 
pump, with framework and gearing for working by hand or by power; 
suction pipe; swivel joint; chain and shackle; 1 10-inch drain' grate 
and frame ; 5 pressure gauges ; and 2 test cocks on boards, with ser- 
vice pipes, bends, and connections. To provide the necessary pipe 
and fittings for gas-lights in retort house, yard, engine and boiler 
house, and offices. 

Tools, — ^Two sets of stoking tools; 2 firing shovels; 4 charging 
shovels ; 1 iron coke waggon ; 1 coal waggon ; 1 weighing machine 
and weights for coal and coke ; 2 galvanized iron pails ; 2 2-gallon 
water-pots ; 2 pairs of sight hole tongs; 2 augers for ascension pipes; 
2 trowels ; 2 coal hammers ; 2 retort lid scrapers ; 3 lime sieves ; 3 
lime shovels ; 1 2-gallon water^pot for purifier house ; 1 brass syphon 
pump. To provide all bolts, pins, rivets, cement, lead, yam, red and 
white lead, paint and oil, requisite to fix the above, and to give the 
whole one coat of metallic oxide paint after completion. 

Total dead weight of ironwork, 140 tons. 

Quantity of Firebricks, ^c, required to set Retorts, — 11,000 square and 
2,000 arch' bricks; 40 lumps, 23 inches by 9 inches by 4^ inches; 
40 lumps, 9 inches by 9 inches by 4^ inches ; 40 lumps, 6 inches by 
4^ inches by 6 inches by A\ inches ; 40 lumps, 4 inches by 4^ inches 
by 4} inches ; 20 lumps, 10 inches by 6 inches by ^\ inches ; 45 tiles, 
18 inches by 12 inches by 3 inches ; and 7} tons of fireclay. Weight 
of firehricks, &c., 56 tons. 

L 2 



CHAPTEE Xn. 

TME STATION METER. 

The Necessity for this Instrument — How Constructed— Capacities of 
Station Meters— Cowan's Station Meter^The large Meter at 
tlie London Company's Works. 

The station meter is an instrument employed at all well- 
regulated gas-works, to record the quantity of gas pro- 
duced; and is as essential to the strict economy of an 
establishment, as the stock-book is to the merchant. This 
differs from the consumer's meter — thereafter to be de- 
scribed — ^in some minor points, but is in principle the 
same. The difference mainly consists in the exterior form. 
Station meters of small dimensions are cylindrical, whilst 
the larger descriptions are generally made square, and 
often very ornamental. The pipes for the entrance and 
exit of the gas are at the back. The dial of the index is in 
the centre in front, the float of the consumer's meter is 
dispensed with, and a glass gauge indicates the level of 
water ; in other respects the station meter is identical in its 
action and construction with the consumer's wet meter. 

The station meter is one of the most important objects 
of interest for a stranger in a gas-works, and is generally 
flxed in a locality especially arranged for it ; and, whether 
of large or small dimensions, it is usually kept well painted, 
clean, and in good order. This apparatus is represented in 
the annexed engraving, Fig. 41, and consists of a cast* 
iron cylinder, containing the wheel and other parts, placed 



THE STATION METER 221 

on a pedestal of bndnrork which gives it an ornamental 
appearance also bungs the index to the hue of vision. 

The capacity of a atahon meter required for a works 
ia dependent on the maximum production of gas. When 
constructing this appaiatils the general calculation is 
that the speed of the wheel shall not exceed 120 revolu- 
tions per hour Therefore adopting this basis, and sup- 
posing the maxunum make of a works to be 7,200 feet 
per hour or say 173 000 feet per diem then the wheel 




would be required of such dimensions as to deliver €0 feet 
at each revolution. The principal defects arising from ajiy 
increased velocity beyond that stipulated, consists in the 
extra friction or pressure necessary to work the meter; 
also, OS ordinarily made, by the increased pressure, the 
water becomes depressed in the meaBuring chambers of the 
wheel, and consequently their capacity is augmented, and 
the meter registers " slow," that is, indicates less gas than 
has actually passed. 

Tlie following is a list of the majcimum production in 
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feet per hour, the capacity of each revolution of the wheel, 
and the prices of station meters in cast-iron cylindrical 
cases : — 





Maximam hourly 


Capacity of each Revo- 


Prices of Meter, in- 






Prodiiction. 

» 


lution of the Wheel. 


cluding Stamping Fee. 






Cubic Feet. 


Cubic Feet. 


£ 






1,200 


10 


38 






1,600 


124 


45 






1,800 


15 


61 






2,400 


20 


66 






3,000 


25 


62 






3,600 


30 


75 






4,800 


40 


94 






7,200 


60 


140 





Precautions to be observed in the station meter are, to 
maintain the water level always at the height indicated by 
the water-gauge. The meter should be level from back to 
front, as also along the line indicating the water level. A 
small stream of water should be continually flowing into 
and from it, in order to carry off any ammonia that may be 
deposited in the instrument. 

In the smallest of works the index ought to be taken at 
least four times in the 24 hours, and in works of twenty 
million feet per annum and upwards, it should be taken 
every hour ; and in aU cases the accoimt should be entered 
daily in a book kept for that purpose. 

Accidents by the stoppage of station meters, either by 
breakage, or wear and tear, seldom occur ; but in the event 
of this happening, and the passage of the gas being im- 
peded at this point — in the absence of by-pass valves — all 
that is required to be done is to let a quantity of water run 
oflP from the meter, when the gas will have a free passage. 

The index of a station meter, according to its capacity, 
contains five, or six, or more dials ; the hands of which 
register in succession from hundreds, up to tens or hun- 
dreds of millions of cubic feet. In large meters attached 
to the index is a clocks the hour hand of which is con- 
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nected with a rod carrying a pencil actuated "by a slight 
Bpring. Immediately under the dock dial, and in the centre 
of the index, is a disc, which revolyes about once in twenty- 
four hours, according to the daily production of gas. On 
this disQ is fixed another disc, of paper, having divisions on 
its outer circle, corresponding with the maximum daily 
make intended to be indicated. The pencil mentioned 
receives its motion from the hour hand, and by the action 
of the disc revolving, makes a curved mark on the paper ; 
BO indicating the number of hundreds or thousands of feet 




Pig. 12. 



of gaa produced per hour. An inspection of the paper so 
marked shows at a glance any irregularity that may have 
occurred in the production of gas, affording the superin- 
tendent a good check on the workmen during his absence. 
This apparatus is termed the "tell-tale," and although 
usually adopted in large meters, it is often indispensable in 
email works, where at times there is a rivalry between the 
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men, and in which one party lays claim to a greater pro- 
duction than the other. By this apparatus such disputes 
are avoided. 

Station meters, when intended to measure 100,000 feet 
per hour or upwards, are made rectangular, and generally 
of excellent architectural design. That represented in 
Fig. 42 is manufactured by Messrs. W. and B. Cowan, of 
Edinburgh, which for appearance we believe is not sur- 
passed by any other firm. 

The largest station meter in existence is erected at the 
London Gas Company's Works, Nine Elms, made to 
deliver 250,000 per hour, or, according to the old system 
of calculating, 6,000,000 cubic feet per diem. If, how- 
ever, the modem way of estimating be adopted, allow- 
ing 120 revolutions of the wheel per hour, then it would 
be capable of delivering 7,000,000 cubic feet daily. The 
diameter of the wheel is 16 feet 6 inches, its depth 19 feet. 
The case is 19 feet 8 inches wide, 22 feet 6 inches deep, 
and 18 feet 6 inches high from the groimd. The connec- 
tions are 36 inches in diameter, and the total cost of the 
meter erected was £1,825. To give some idea of the size 
of this meter, it is of about the same dimensions as a small 
double-fronted cottage of one story high ; and is as large 
as some retort-houses supplying 5,000,000 feet of gas per 
annum. 

An important office of the station meter, when the 
quantity of coal carbonized is accurately known, is that 
by it any irregularity in the production of gas, either by 
low heats or escapes, is demonstrated. 



CHAPTEEXin. 

TEE FEOTOMETER. 

How Consiracted— The Mode of Testing Gas— Different Kinds of- 
Photometers — ^The Rule for Making a Photometer — Lowe's Jet 
Photometer — Tables to correct the Volume of GkM under different 
Temperatures and Atmospheric Pressures. 

The illuminatiiig power of gas as generally defined by 
Acts of Parliament, is that when consumed in an argand 
burner at the rate of five feet per hour, the gas shall giro 
the light of a certain number of sperm candles called 
'^ Standard candles/' each consuming 120 grains of sperm, 
per hour. The number of candles yaries from twelre to 
sixteen, according to the Acts controlling the operations of 
the respeddye companies supplying the larger x>ortion of 
the towns of England ; whilst in Scotland and some of th^ 
towns of the North where gas is produced from cannel 
coal, its average illuminating power is required to be of 
twenty-two candles, or as technically termed ** twenty-two 
candle gas." 

At one time the method employed to compare any two 
lights, was by observing the intensity of the shadows of an 
object as produced by the lights under examination ; but 
the system which has been universally adopted in England 
for many years is by means of Bunsen's disc. To illus- 
trate familiarly the action of this disc, if we take a sheet of 
writing-paper on which a small spot of oil or grease is 
placed, when the paper is held between the observer find 
the light, the spot will be transparent ; but wh^n held in the 
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opposite position it will be dark. Now if the paper be placed 
in an apartment at right angles to the window in a yertical 
direction, at a point where the light on both its sides 
is exactly of the same intensity, the spot then disappears. 
Here we may remark that the light directly opposite a 
window of an apartment appears over a considerable space 
of the same imif ormity ; yet such is the sensitiveness of the 
simple appliance in question, that it is a matter of some 
little difficulty to ascertain the exact point, where the light 
is of that equality to cause the spot to disappear. This is 
the principle of the Bunsen disc as applied to the photo- 
meter, as now universally adopted for determining the illu- 
minating power of coal gas ; and teaches us what we may 
learn by simply observing the effect of light on a piece of 
greased paper. 

The photometer disc, which acts identically like the oiled 
paper already mentioned, is formed of white bibulous paper 
of about 4^ inches in diameter, and in its centre is a round 
spot of about 1^- inch in diameter left in its ordinary con- 
dition, whilst the surrounding part is saturated with melted 
spermaceti. As thus prepared, when seen by a light, 
situated on the same side as the observer, the centre part 
win be light, and the outer ring dark, as shown at A^ 
Fig. 43, which represents the disc enclosed within its frame 
removed from the screen, and supported by the saddle-piece 
on the photometer bar F^ In this case the disc is seen 
by reflected light, that is, light reflected upon it ; but if, 
now, the disc be placed between the observer and the light, 
the outer ring becomes transparent, consequently the light 
is transmitted through it. Hence these opposite effects are 
produced either by reflected or transmitted light ; but in 
placing the disc in such a position that neither the one 
nor the other predominates, that is, when the light on 
both sides is exactly of the same intensity, the centre spot 
then disappears, and both surfaces of the disc assume the 
same white appearance throughout; and on this simple 
contrivance is based the construction of the photometer. 



THE ACTION OF THE PHOTOMETER. 227 

Witih. tliis beautifully simple and effective appliance, it 
can be readily understood that if an argand burner con- 
suming five feet per hour, be situated a given distance at 
one side of the disc, and a number of lighted candles placed 
at the same distance from its other side, that according to 
the nimiber of candles required to produce a light of the 
same intensity as the gas, so wiU be the defined quality of 
the gas. Thus by these means, and weighing the candles 
both before and after an operation, the illuminating power 
of any kind of gas can be readily determined. 

There are, however, some practical difficulties attending 
the operation as described, of which the most important are 
the nimiber of candles required to be lighted, and the diffi- 
culty of placing them all in their exact positions at the 
moment of performing the experiment. To obviate this in 
practice, only one or two candles are used, and when making 
the scale of the photometer, advantage is taken of the well- 
known law, which defines that the intensity of light varies 
inversely as the square of the distance, that any object 
illuminated, is placed from the source of illumination, 
which is illustrated by the following table : — 

jSqnareof Amount of li^ht 
distance, thrown on disc. 

The disc distant from burner 1 foot 1 1 

„ „ 2 feet 4 i 

99 i» 3 „ 9 i 

» n 4 »» 16 ■^- 

99 »» 5 9> 25 ^V 

Figure 43, page 228, represents a set of photometrical 
apparatus complete, f is the photometer bar, divided by a 
scale which accords with the position of the disc, correspond- 
ing to the various number of candles, a is the screen con- 
taining the disc ; 3, the experimental meter ; c, the micro- 
meter regulating tap and pressure-gauge attached to the 
gas-burner ; d, the regulator to control the pressure of the 
gas under examination ; e, scales for weighing the candles ; 
I, a dock striking each minute; a, a box containing 
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sundries; h, a ''constant test;" and a is the standard 
carrying the candle ; the whole being ready for operation. 

There are various kinds of photometers, all of which, 
however, possess the various parts mentioned. The diffe- 
rence consisting, in one description having the candle 
movable instead of the disc, which apparatus has the 
advantage of a short bar. In another kind, black square 
wooden screens are employed, having orifices in their 
centre through which the rays of light pass. One of 
these screens intervenes between the gas light and disc, 
another is placed between the candle and disc ; whilst two 
other screens are placed at the extreme ends of the photo- 
meter. The object of these screens is to prevent any reflec- 
tion of light on to the disc. A description of photometer 
designed by Mr. Evans can be employed anywhere, even 
in daylight, without consideration as to the colour of 
the walls of the apartment. This is in reality a photo- 
meter enclosed within a wooden chamber, coloured black 
on the interior, and which excludes all daylight. In 
the centre of the front of the chamber are two sight holes, 
through which the reflection of the discs may be observed. 
When required, the operator is enclosed by a curtain, when 
any photometrical observation can be made with the same 
accuracy as in a completely darkened room. 

Some engineers employ two candles instead of one, by 
which greater regularity of the light is obtained. "When 
this is done [the standard candle is cut in two pieces ; 
these are placed side by side, and the thick and thin end are 
consumed together. Of course under these conditions only 
half of the indicated degree of light on the bar is taken. 

With the ordinary photometer the locality where the 
observations are made should be arranged expressly for 
the purpose. The walls should be blackened, or hung 
with black unglazed doth, all the windows and doors 
closed in such a manner as to exclude the daylight, and 
other precaiitions observed in order to avoid any reflection 
of light acting on the disc. The apartment should be at 
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a moderate temperature, and with some apparatus, as 
those unprovided with a screen for the disc, no other 
person than the operator should be near the photometer ; for 
the reflection from any white material will sometimes influ- 
ence the results, and as the eye is easily deceived by the 
different colours emitted by the gas and candles, to ensure 
accuracy the utmost precision is necessary. 

The operation of testing gas is one that demands great 
care ; the gas should be burnt as near as possible at the 
rate of five feet per hour ; for if it be much below this, the 
test will be imfavourably conducted for the gas, and if 
above, in most cases it will be in favour of the gas. 
Moreover, it is highly desirable to obtain good sperm 
candles, to have a proper burner, that commonly used 
being the Sugg No. 1, with a chimney 6 inches long 
and 2 inches wide for 16 candle gas, and burning as near 
as possible the quantity per hour stipulated. According 
to the instructions of the Metropolitan Gas Beferees, ** Each 
testing shall include ten observations of the photometer 
made at intervals of one minute ; *' however, in practice, 
three or four observations are made, each of which is noted, 
the average being taken as the result. On the termination 
of the experiment the candle is weighed, and reduced 
according to the time it is burnt, to the standard of 
120 grains per hour. When candles consume much beyond 
that quantity per hour, it is prejudicial to the test so far 
as regards the quality of the gas, as when burning a 
quantity above the 120 grains per hour, the candles yield 
an increased degree of light for the quantity of sperm 
consumed. 

When operating with the photometer, the candle is first 
weighed, and the time of lighting noted. The gas and 
candle are then lighted for some minutes previous to com- 
mencing the experiment. The quantity of gas is carefully 
adjusted to the required degree, say, to consume five feet 
per hour, which consumption once arranged is maintained 
by the regulator. The disc being already placed in its 
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screen, the operator looks through the two orifices in front 
of the latter^ and observes the colour or shade of the 
disc. He then moves the screen and disc in the direction 
necessary to obtain an equal degree of light on both sides 
of the disc and cause it to be uniform, or nearly so through- 
out in colour, and with little or no trace of the white spot in 
the centre or the dark ring around it. This accomplished, 
he observes the number of candles indicated on the bar by 
the pointer attached to the screen. 

According to the instructions of the Metropolitan Gtas 
Eeferees, in addition to testing the illuminating power of 
the gas, its volimie at the time of operating should be cor- 
rected, to bring it to the temperature of 60® Fah. and 
30 inches atmospheric pressure, (as indicated by the baro- 
meter, ) which is the standard ; and for this purpose tables 
are given on pages 237, 238, and 239. 

In these instructions it is stated, '^The gas examiner 
shall observe the temperature of the gas as shown by the 
thermometers attached to the meters, also the atmospheric 
pressure as indicated by the barometer. 

'' Suppose the barometer stands at 30 inches, and the 
thermometer at 48**; multiply the quantity of gas con- 
sumed by the Tabular Member corresponding to the in* 
dicatures of the barometer and thermometer, as given in 
the table, page 237, when the product will be the corrected 
volume of the gas, i.e. the volume the gas would have 
occupied at the standard temperature and pressure ; thus : 

Volume of gas consumed 5 feet 

Tabular number of barometer and thermometer 1 '025 
Then 1-025 x 5=5-125, the corrected volimie. 

*'The same object may be attained by simply dividing 
the illuminating power by the tabular nimiber ; thus the 
former being 15 '334 candles, divided by 1-025, the correc- 
tion for temperature and pressure, gives 14*9 candles as ther 
corrected illuminating power..'^ 

The tables will also be found convenient for correcting 
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the quantity of gas made, as indicated bj the station 
meter; the quantity, being multiplied by the tabular 
number due to the temperature and pressure, will give the 
amount as if the gas had been at 60"" Fahrenheit and 30 
inches barometer. 

Thus 2,000 feet of gas at 28*5 inches barometer, and 
40® temperature, required its standard volimie? Then 
2,000 X '989 (the corresponding tabular nimiber) = 1,978 
feet. Or the same quantity at 3 1 inches and 50° temperature. 
Then 2,000 x 1 054=2, 108 feet (the standard volume). 

In another chapter of this work the influences which 
control the volume of gas are referred to. 

For managers who may be unprovided with a photometer, 
who are limited in their means, and who may be disposed 
to make that instrument,- the following information, 
and distances on the scale up to thirty-six candles is 
given; the fractional parts may be ascertained with 
tolerable accuracy by subdividing the space between any 
two nimibers. 

For this object, tjie longer kind of photometer may be 
formed by a wooden bar, properly planed, of about 3 J inches 
wide, i inch thick, and exactly 100 inches long from the 
centre of the burner to the centre of the candle. The 
scale is in front, and the point exactly in the centre of the 
bar, that is 50 inches from the centre of the gas burner, and 
candle, the figure 1 is marked ; the reason for this being that 
as the standard of comparison is a candle, and the distances 
of the gas and candle from this point are equal, it follows that 
when the disc is at that ][^oint, and the light from the gas 
and candle is alike in intensity, the gas must be equal to one 
candle. According to the law of the squares of the distances 
already mentioned, in order to indicate that the gas gives 
the light of two candles, when only one candle is employed 
in the experiment, at 41*42 inches from the centre of the 
candle wiU be marked 2. Thus if the gas give the light of 
two candles, one only being in use, on the disc being placed 
at the point 2, the spot of the disc will disappear. AU 
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the various distances on the scale are marked in a similar 
manner according to the following table : 



Distance of 
No. of Candles. Division from 

Centre of Candle. 
Inches. 

2 41-42 

3 36-61 

4 33-34 

6 30-90 

6 28-99 

7 27-43 

8 26-12 

9 2500 

10 2402 

11 23-16 

12 22-40 

13 21-71 

14 2109 

15 20-62 

16 20-00 



Distance of 
No. of Candles. Division from 

Centre of Candle. 
Inches. 

17 19-62 

18 19-03 

19 18-67 

20 18-26 

21 17-91 

22 .... ; 17-57 

23 17-25 

24 16-95 

25 16-67 

26 16-40 

27 16-14 

28 15-90 

29 15-64 

30 16-41 

36 14-28 



In photometers, as now generally made, the disc with 
its frame and screen is fixed to the saddle piece at right 
angles to the bar ; at the back of the disc are placed two 
mirrors, cut from the same piece of glass in order to avoid 
any difference of colour, and fixed at right angles to each 
other. By these means the operator can compare both 
sides of the disc at the same time, instead of being obliged, 
as formerly, to carry in his memory the shade of one side 
when comparing the other. This system is now applied 
to all descriptions of photometers. 

The two mirrors are enclosed within an oblong box 
having two small orifices in frojit (instead of the screen a) 
which can be made by any tinman, and it should be painted 
a dull black in order to avoid reflection. The saddle piece 
which carries the box or the screen, n, is about 8 inches 
long, lined on the interior with green baize or clott, in 
order to prevent friction, and is so made, as to glide freely 
on tilie bar ; car& being taken that the pointer of the saddle 
piece is placed directly opposite the disc. 

The discs can be readily purchased, and are better suited 
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for the purpose than any that can be prepared in the 
ordinary way. In the absence of an experimental meter, 
an ordinary 3-light meter having a wheel of the capacity of 
one-eighth of a foot may be arranged for the object, which 
is done by dispensing with the square frame, catering the 
spout, and making the shaft to protrude through a stuffing 
box. A dial of seven or eight inches in diameter may be 
made in card-board, and its circumference divided and 
subdivided into 7*5 feet, on which the hand will indicate the 
hourly rate of consumption by an observation of one 
minute. This is readily explained, for as the hour is 
sixty times greater than the time of the observation, and 
the exact quantity delivered by the meter at each revolution 
being *125 foot, the result is, that this multiplied by 60 
gives 7*5 feet. 

However, when there exist resources to purchase appa- 
ratus made by regular manufacturers, it is always advis- 
able to do this in preference to maMng them. 

Dimensions of Test Aroand Bdbner as decided bt the Metro- 
politan Gas Eefekees. 

Number of holes 24 

Diameter of holes 0*045 inch. 

Internal diameter of steatite top .... 0*480 „ 

External » 0*840 „ 

Height from the upper surface of the gallery on 

which the glass stands, to the upper surface of 

the steatite top ....»• 0*75 „ 

Gone, internal diameter at top ...» 1*08 „ 

fy tf bottom • • • 1*50 „ 

„ height of, externally • . . . . 7*75 „ 

Chimney for 16 candle gas, 6 inches internal diameter by 1|^ inch 
high. 

Chimney for 14 candle gas, 6 inches internal diameter by If inch 
high. 

Lowb's Jet Photometeb. 

A very useful little apparatus which is very generally In 
use in gas-works, in order to observe the qualiiy of the 
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gas continually as it ia produced, is Lowe's Jet Hioto- 
meter. 

The jet photometer is based on the fact, that tlie length 
of a gas jet issuing from an orifice of a certain size, under 
exactly uniform pressure, Taries ac- 
cording to the illuminating pover of 
the gas, and the richer the gas, the 
longer mil he the dame. This in< 
Btrument is represented in one of its 
forma in Fig. 44, end consists of a 
steatite single jet fixed up on a very 
delicate pressure gauge governor, 
capahlo of Indicating the hundredth 
part of an inch of pressure, which 
regulates the pressure of the gas. . 
The burning jet is enclosed in a 
chimney having a scale of inches and 
parts engraved on it, and the height 
of the flame as shown by the chim- 
ney, indicates the quality of the gas. 
In some works the instrument in I 
question is enclosed within a small [ 
cupboard, provided with suitable Fig. «, 

means for carrying oS the products of combustion, having 
a glass door in front, on which is marked the scale of 
inches and parts ; and immediately behind the jet is fixed 
a corresponding scale in porcelain, the lines of which are 
exacfly level with the scale on the glass door, so that when 
making the observation, the lines of the two scales are 
observed. In this case the glass chimney is dispensed 
with. 

The jet photometer is veiy generally applied in works of 
large or medium capacity, where the gas is required to be 
delivered at any particular standard, for which it is accord- 
ingly arranged ; hence the jet for this being we will suppose 
6 inches in length, any augmentation or diminution of this 
will show an increased or diminished qualily of gas. 
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Usually, one of these instruments is fixed in the 
engineer's office, burning the gas as produced, and in- 
dicates at once any error, whether arising from excessive 
exhaustion, neglecting to blow off the air from the purifiers, 
or other circumstances which would prejudice the quality 
of the gas. 

Since the preceding was in type we have been favoured 
by Mr. John Methven with the description of a system 
that he proposes as a substitute for the photometer candle. 
This consists in replacing the candle by an argand burner, 
which is separated from the photometer by a black screen 
having a vertical oblong orifice of about 1 J inch by f inch 
immediately opposite the centre of the flame. Thus only 
a small portion of the light is permitted to pass to the 
photometer, and by experiment Mr. Methven has arrived 
at the dimensions of the orifice equivalent to two standard 
sperm candles. The approximative height of the flame is 
indicated on the chimney, but beyond this no other pre- 
cautions are necessary. We witnessed some experiments 
made with common and cannel gas, and the results were 
precisely alike, the light emitted being in all cases exactly 
equivalent to two sperm candles. Should further experi- 
ments confirm those already made, photometry will be 
much simplified, and a more accurate standard established. 

The following tables contain no correction for moisture, 
nor is this commonly considered necessary in practice, if the 
experiments are made in a dry room, at some distance from 
the gas-holder or vessel, in which the gas has been standing 
over water; and in applying them all the numbers of 
three figures must be regarded as decimals — ^thus the 
tabular nimiber corresponding with 50° temperature and 
29 inches barometrical pressure will be '9S6. 



TiSLE TO Facilitate the Coobiction of the Voluhb of Qas at 

DlFFUBNT TbXFBSATVBBB, AND VNDEE DiFfEBKfT AtMOSPBEBIO 
PoESSUXEE. 



BAR. 


'32"* 


3f 


36' 


38' 


40" 


42'' 


44' 


46- 


48' 


fiO" 


28'0 


988 


981 


9S0 


976 


971 


~968 


964 


960 


956 


962 


28-1 


991 


987 


983 


079 


9 75 


97! 


967 


963 


959 


966 


28-2 


993 


991 


987 


983 


970 


973 


071 


067 


963 


959 


28-3 


998 


90i 


990 


086 


982 


978 


974 


070 


966 


962 


23-1 


1002 


998 


993 


900 


985 


931 


977 


973 


970 


966 


23-0 


1005 


1001 


937 


093 


939 


985 


981 


077 


873 


969 


28'6 


1009 


1003 


1000 


996 


992 


988 


984 


980 1 076 


972 


28-r 


10!2 


1003 


1004 


1000 


996 


992 


988 


.934! 930 


976 


2S'S 


1016 


1012 


1008 


1003 


999 


993 


991 


987 


983 


979 


28-9 


1020 


1013 


1011 


1007 


1003 


999 


996 


931 


B87 


983 


290 


1023 


lOlB 


1015 


1010 


1006 


1003 


9S8 


991 


090 


986 


29'1 


1027 


1022 


1013 


lOH 


1010 


1006 


1002 


998 


893 


989 


29-2 


1030 


1026 


1022 


1017 


1013 


1009 


1006 


1001 


997 


993 


39'3 


1034 


1029 


1025 


1031 


1017 


1013 


1008 


1004 


1000 


996 


29-4 


1037 


1033 


1029 


1021 


1020 


1016 


1013 


1008 


1001 


1000 


29'o 


1041 


103S 


1032 


1028 


1024 


1019 


1016 


1011 


1007 


1003 


29'6 


1044 


1040 


1036 


1031 


1027 


1033 


1019 


1013 


1010 


1006 


29' 7 


104B 


1D43 


1039 


1035 


1031 


103G 


1022 


1018 


lOU 


10 10 


29'8 


1061 


1047 


1043 


1038 


1034 


1030 


1026 


1033 


1017 


1013 


29'9 


1055 


1050 


1016 


1042 


1039 


1033 


1029 


1025 1021 


1017 


SO'O 


105B 


1054 
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1045 


1041 


1037 


1033 


I02B 1 1025 


1020 


30'1 


1062 


1057 


1033 


1019 


1044 


1040 
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1032 


1028 


1023 


30'2 


1065 


1061 


1057 


1062 


1048 


1044 


1030 


1035 


1031 


1027 


30'3 


lOGg 


1064 


1060 


1056 


1031 


1047 


1043 


1039 


1034 


1030 


30-4 


1072 


1068 


1064 


1050 


1056 


1061 


1016 


1042 


103S 


1031 


30-5 


1070 


1071 


1067 


1063 


1058 


1054 


1030 


1045 


lOil 


1037 


30-G 


1079 


1075 


1071 


1066 


1062 


1037 


1053 


1049 


1045 


1040 


30-7 


1083 


1079 


1074 


1070 


1065 


lOBl 


1067 


1062 1 1048 


1044 


30-8 


1087 


1083 


1078 


1073 


1060 


1064 


1060 


1056 1051 


1047 


30-9 


1090 


1086 


1031 


1077 


1072 


1068 


1063 


1069 1055 


1061 


310 


1004 


1080 


1085 


1030 


1076 


1071 


1007 


1063 1068 


1064 



238 



THK PHOTOMETER. 



Table to J'acilitatb the Correction of the Volume op Gas at 
Different Temferaturss, and under Different Atmospheric 
Pressures. 
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62=* 


54° 


56° 
941 


58° 


60° 


62° 


64° 


66° 


68° 


70° 


28-0 


948 


944 


937 


933 


930 


926 


922 


919 


915 


28-1 


952 


948 


944 


940 


937 


933 


929 


926 


922 


919 


28-2 


955 


951 


947 


944 


940 


936 


933 


929 


925 


922 


28-3 


958 


955 


951 


947 


943 


940 


936 


932 


929 


925 


28-4 


962^ 


958 


954 


950 


947 


943 


939 


936 


932 


928 


28-5 


965* 


961 


958 


954 


950 


946 


943 


939 


935 


932 


28-6 


969 


965 


961 


957 


953 


950 


946 


942 


939 


935 


28-7 


972 


968 


964 


980 


957 


953 


949 


945 


942 


938 


28-8 


975 


971 


968 


964 


960 


956 


952 


949 


945 


941 


28-9 


979 


975 


971 


967 


963 


960 


956 


952 


948 


944 


29-0 


982 


978 


974 


970 


967 


963 


959 


955 


952 


948 


29-1 


985 


982 


978 


974 


970 


966 


962 


959 


955 


951 


29-2 


989 


985 


981 


977 


973 


969 


966 


962 


958 


954 


29-3 


992 


988 


984 


981 


977 


973 


969 


965 


961 
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29-4 


996 


992 


988 


984 


980 


976 


972 


969 


965 


961 


29-5 


999 


995 


991 


987 


983 


979 


976 


972 


968 


064 


29-6 


1002 


998 


994 


991 


987 


983 


979 


975 


971 


968 


29-7 


1006 


1002 


998 


994 


990 


986 


982 


978 


975 


971 


29-8 


1009 


1005 


1001 


997 


993 


989 


986 


982 


978 


974 


29-9 


1013 


1009 


1005 


1001 


997 


993 


989 


985 


981 


978 


30-0 


1016 


1012 


1008 


1004 


1000 


996 


992 


988 


984 


981 


30-1 


1019 


1015 


1011 


1007 


1003 


999 


995 


992 


988 


9S4 


30-2 
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1019 


1015 


1011 


1007 


1003 


999 


995 
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987 


303 


1026 


1022 


1018 


1014 


1010 


1006 


1002 


998 


994 


990 


30-4 


1029 


1025 


1021 


1017 


1013 


1009 


1005 


1002 


998 


994 


30-5 


1033 


1029 


1025 
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1017 
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1009 
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1001 


997 


30-6 


1036 


1032 


1028 
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1016 
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1031 
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1011 


1007 
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1039 
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1031 


1027 


1023 
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1015 


1011 
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1046 
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1034 


1030 


1026 


1022 
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1014 


1010 
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1046 
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1021 
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Tablb to Facilitate the Cobbbction op thb Volume op Gab at 
Different TEMPEBATunsSy and unseb Dippebbnt Atmosfhebio 
Fressubes. 
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TUBK. 

72° 


74° 


76° 


78° 


80° 


82° 


84° 


86° 


88° 


90° 


28-0 


912 


908 


905 


901 


898 


895 


891 


888 


885 


881 


28-1 


915 


912 


908 


905 


901 


898 


894 


891 


888 


884 


28-2 


918 


915 


911 


908 


904 


901 


898 


894 


891 


888 


28-3 


922 


918 


914 


911 


908 


904 


901 


897 


894 


891 


28-4 


925 


921 


918 


914 


911 


907 


904 


900 


897 


894 


28-5 


928 


925 


921 


917 


914 


910 


907 


904 


900 


897 


28-6 


931 


928 


924 


921 


917 


914 


910 


907 


903 


900 


28-7 


935 


931 


927 


924 


920 


917 


913 


910 


907 


903 


28-8 


938 


934 


931 


927 


924 


920 


917 


913 


910 


906 


28-9 


941 


937 


934 


930 


927 


923 


920 


916 


913 


910 


29-0 


944 


941 


937 


934 


930 


926 


923 


919 


916 


913 
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948 


944 


940 
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933 


930 


926 


923 


919 


916 


29-2 


951 


947 


944 


940 


936 


933 


929 


926 


922 


919 


29-3 


954 


950 


947 


943 


940 


936 


933 


929 


926 


922 


29-4 


957 


954 


950 


946 


943 


939 


936 


932 


929 


925 


29-5 


961 


957 


953 


950 


946 


942 


939 


935 


932 


928 


29-6 


964 


960 


957 


953 


949 


946 


942 


939 


935 


932 


29-7 


967 


963 


960 


956 


952 


949 


945 


942 


938 


935 


29-8 


970 


967 


963 


959 


956 


952 


948 


945 


941 


938 


29-9 


974 


970 


966 


963 
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952 


948 


945 


941 


30-0 


977 


973 


969 


966 


962 


958 


955 


951 


948 


944 
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980 


976 


973 


969 


965 


962 


958 


954 


951 


947 


30-2 


983 


980 


976 


972 


969 


965 


961 


958 


954 


950 


30-3 


987 


983 


979 


975 


972 


968 


964 


961 


957 


954 


30-4 


990 


986 


982 


979 


975 


971 


968 


964 


960 


957 


30-5 


993 


989 


986 


982 


978 


974 


971 


967 


963 


960 


30-6 


996 


993 


989 


985 


981 


978 


974 


970 


967 


963 


30-7 


1000 


996 


992 


988 


985 


981 


977 


973 


970 


966 


30-8 


1003 


999 


995 


991 


988 


984 


980 


977 


973 


970 


30-9 


1006 


1002 


998 


995 


991 


987 


984 


980 


976 


973 


31-0 


1009 


1006 


1002 


998 


994 


990 


987 


983 


979 


976 



CHAPTEE XIV. 

TEE QOVERNOB, MEQULATOR, PRESSURE GAUGE, AND 

PRESSURE REGISTER, 

The Governor— Its Object— How Constructed— Wright's Gk)vemor — 
The Eegulator — lie Mercurial Keg^ilatoT — ^The Dry Regulator — 
The Pressure Gkuge — Crosley's Pressure Register — ^Wright's 
Pressure Register — Cowan's Automatic Pressure Changer. 

The governor is one of those ingenious self-acting 
maclunes wliich are equally admirable for their efficiency 
and simplicity. It is placed between the gas-holder and 
the main pipe, in order to regulate the pressure of gas 
supplied to the town or district, and controls any irregu- 
larity due to the unequal action of the gas-holders or to 
other causes; and, once adjusted, this instrument "governs " 
the pressure of the gas issuing therefrom during any 
indefinite period without demanding the least attention, 
and by it the pressure can be varied at will, according to 
the requirements, at different periods of the night. 

This instrument is a gas-holder enclosed in its tank, pro- 
vided with a peculiar valve which adjusts the pressure 
according to the weight placed on its holder. The tank is 
made of cast iron, the dimensions of which are dependent 
on the size of the mains for which it is intended and the 
space allotted for the apparatus. 

Pig. 45 is a view of a governor, as frequently constructed 
for localities where space is limited or economy is desired, 
the tank and a part of the holder being in section, in order 
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to show the interior : aaiaa cylindrical tani, having the 
colunms hh to eupport the bridge e e, in the centre of which 
is a guide for the Sat rod d. The holder g ie made of tinned 
iron, and ie guided by roUera at ite loweet edge, and the 
flat rod d above. It works very freely in the tank, and 




Fig. 45. 



hoB a conical plug, h, euapended in it. The inlet pipe is 
exactly in the centre, and has a conical- seated flange at its 
top ; the outlet pipe is concentric to it, and rises consider- 
aWy above the level of the water. 
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The holder is provided with an annular float, o o, of such 
buoyancy, that it rises when the tank is charged with the 
proper quantity of water, carrying with it the suspended 
conical plug h, the base of which is turned and fltted to the 
flange on the top of inlet, so as to be hermetically tight. The 
action of the instrument is very simple ; for, on being sup- 
plied with water to the proper height, and supposing the 
whole of the weights n to be removed, the holder ascends, 
lifting with it the conical plug, which, on arriving at the 
top, stops the supply of gas ; under which circumstances 
the governor is so adjusted as to give no pressure. 

Now if a pressure of Hths, or any other degree, be requi- 
site to supply a localiiy, then on placing equivalent weights 
on the holder, the necessary pressure is given ; and no matter 
whatever variations may take place in the pressure in the 
works, or the quantity of gas consumed in the town, the 
same pressure is strictly maintained by the governor at 
its outlet. For should the quantity supplied be great, the 
holder descends with the plug, and so increases the size of 
oriflce; and if the quantity passing be small, the holder 
rises, and the plug closes the aperture to the desired extent. 
Thus this simple machine delivers at all times any quantity 
of gas at the necessary pressure, according to the weights 
on the holder. 

Sometimes these governors are made of considerably 
larger diameter than that shown when the outlet pipe is 
placed by the side of the inlet. The advantage claimed for 
this description is, that its holder contains a comparatively 
large quantity of gas, and that by the accidental shutting a 
valve on the works and immediately reopening it, the con- 
tinuous supply would be maintained by the larger holder. 

Another modification, called Wright's governor, is to 
substitute the float by a pillar, lever-beam, and counter- 
balance weights, the variation of pressure being produced 
by adding or abstracting the weights; in other respects 
this instrument is precisely like that already described. 

In large works frequently the pressure is controlled by 
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water flowing into or from a tank which is situated at the 
top of the holder. By this contrivance the loose weights 
are dispensed with, and the action of the governor when 
changing from one pressure to another is gradual and 
imif orm, and is decidedly superior to the method of placing 
and removing the weights. 

Another mode of governing the pressure of gas is by 
means of a diaphragm of leather affixed to the top of a 
cylindrical vessel having a conical plug and flange pipe 
similar to that already described, which will be described 
hereafter. These have been extensively used of late as 
district governors in hiUy locaHties, and for this purpose 
they are buried in the groimd. 

When there are great variations of levels in towns, dia- 
phragm or district governors are sometimes placed on the 
mains ; when they are flxed on the principal main only, 
and the branch mains from one governor should be dis- 
connected from those of another. Thus, if the highest 
level of a town be 200 feet, by placing a governor at an 
elevation of 50 feet, and another say 100 feet, and the third 
at 150 feet, and keeping the mains of the respective eleva- 
tions separate from each other, in no part of the town will 
there be any excessive pressure ; for supposing each gover- 
nor to be adjusted to deliver Aths pressure, then in no 
case throughout the whole of the district will this exceed 
i-S^ths. Whereas, in the absence of the instrument in ques- 
tion, if the pressure were Aths at the lowest point, it would 
be f^ths at the highest, and thus necessarily offer great 
facilities for the escape and loss of gas. Lastly, another 
arrangement to attain the same end is by means of White's 
automatic valve, which is weighted so as to give the re- 
quired pressure. 

No gas-works should be without a governor ; in some 
instances, where the pressure is left on the mains, it would 
repay its purchase money in a month by the saving effected 
from diminished leakages. In many works the foreman, 
or stoker, has continually to regulate the pressure during 

M 2 
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the hours of lighting by means of a yalve, giving much 
trouble, and the work is done very imperfectly. 



The EEGirLATOB. 

This instrument, like the governor already described, is 
for the purpose of regulating or controlling the pressure. 
There is, however, . this difference between the two ap- 
paratus, that whilst the governor delivers the gas at the 
works during a portion of the night under variable pres- 
sures to meet the demands of the town; the regulator 
delivers it constantly at one uniform degree, regardless of 
any alteration of the pressure in the gas company's mains, 
so long as it is equal to that for which the regulator is 
adjusted. These instruments are used by consumers in 
order to adjust the pressure to the point most favourable 
for the consumption of gas, and obtaining the best light 
therefrom. 

A description of consumer's reg^ator is identical in 
action with the governor mentioned at page 241, and is 
made with a tin or cast-iron case, and weighted so as to 
give the desired pressure essential for the economical con- 
sumption of gas wherever it may be employed. The 
pressure most suitable for ordinary uses for lighting and 
heating, is about Aths. When consuming gas for light- 
ing an average of Aths will be sufficient, but when it is 
used for cooking, usually a greater pressTire may be neces- 
sary, therefore for domestic purposes we bave fixed the 
pressure stated. 

A form of apparatus resembling that described is called 
the "mercurial regulator," in which the water is replaced 
by mercury. This apparatus possesses the advantage of 
avoiding the evaporation of the fluid employed in the 
instrument, and is used alike in dwellings, shops, public 
buildings, manufactories, and street lamps. 

Anotherkindof regulator, known as the ''dry regulator," 
is represented in its most primitive form in the accompany- 
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ing figure. This coneiBts of an outer rase, a a, in irliich is 
hermetically fixed a very thin, pliable, and loose leather dia- 
phragm, 3 ; to the centre of the diaphragm, vlthin the lower 



the cone e, and the 




at B to the pressure 

required to be delivered 

by the instrument. All 

tliiB being arrwiged, the 

gas on entering the inlet f 

pipe A elevates the dia- ' 

phragm, which at the 

same time raises the 

cone and closes the aperture to the necessary degree to 

control the pressure ; and whether there be one only or 

the full number of gas burners for which the instrument 

is made, their flames are constantly uniform. 

Whichever of the instruments may be ranployed, whether 
the water, mercurial, or dry regulator, in all there is but one 
-object, that is to deliver the gas always at one uniform 
pressure, and by which considerable economy in its con- 
sumption is obtained. This is particularly the case in, 
dwellings where the fishtail burner is very generally used 
wiUi ordinary moon globes, by which great facilities are 
afforded for waste, as frequently they permit one-half of 
the gas to pass off without yielding any light whatever. 
It nmy, however, be observed, that supposing the pressure in 
the companies' mains always to be alike and moderate, 
there would be no necessity for the instrument in question ; 
but in veiy few instances is this the case, the rule being 
that the pressure delivered by companies varies materially 
during the hours of general Ughting, and in some districts 
this variation amounts to diree or four inches during the 
evening. 

Hence under general conditions for the economical coq- 
sumption of gaa, and in order to avoid the irregularities of 
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burners, and particularly the argand, the regulator is indis- 
pensable, and it should be adopted alike in dwellings, shops, 
manufactories, and indeed in every place where economy is 
a consideration. This apparatus is usually placed on the 
service at the entrance to the premises, by the side of the 
meter. Its action is quite automatic, and once fixed, 
the mercurial and dry regulators require no attention 
whatever, even during a period of several years, and in 
many cases the saving effected by their use, repays their 
cost, in the course of two or three months ; and it is to the 
interest of gas companies to encourage their employment. 

We shall have occasion hereafter to refer to the lamp 
regulator, which is based on the same principles as those 
described. 

The Pbessxthe GAiraE. 

As already stated, when coal is distilled, the gas is ex- 
pelled in a manner analogous to the production of steam 
from water. When gas is confined imder ordinary pressure 
in a holder, it assumes a bulk about 250 times greater 
than that of the coal from which it emanated ; and if not 
retained by these means, it would be divided or diffused to 
an indefinite extent, and lost. When gas is thus confined, 
the gas-holder may be so counterbalanced as to prevent 
it issuing, as under these circumstances, there being no 
weight, there would be no pressure ; and by adding counter- 
balance weights, supposing an opening to exist, air would 
enter and intermix with the gas. 

The pressure of gas in a works or any district, depends on 
a number of circumstances, such as the weight and area of 
the holders ; the size of pipes through which the gas passes ; 
the means of purification ; the seal or dip of the hydraulic 
mains ; and other obstacles which may be presented to its 
free passage ; and it is essential to the strict economy of a 
gas establishment that the pressure existing in all the 
parts of the manufactory, as well as in the mains for dis- 
tribution, should be known. 
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For tMs purpose a simple inBtrument called the " prea- 
snre gange," ae represented ia the annexed figure, is em- 
ployed. This coneifits of a glass tube about i inch internal 
diameter, and 8 or 10 inches long, bent in the form of the 
letter U, with the graduated scale placed between the two 
tubes. The centre of the scale ia marked zero, and the spaces 
above and below are subdivided into inchefi, and tenths 
of inches. The bent pipe is for the pur- 
pose of attaching the gauge to the fittings, 
and is screwed or tapped for that object. 

When required for nse, the gauge is 
filled with water to the line marked zero ; 
it is then affixed to the pipe through which 
the gas is passing, when the pressure of 
the gas causes the water to be depressed 
in the tube a, and elevated in the other, . 
b, the difference betwe^i the two water < 
levels as read on the scale being the 
pressure of the gas. For example, if the 
water be depressed an inch below the 
point marked zero, and elevated the same 
distance above, the pressure will he f gths ; 
or the scale may be dispensed with, and 
the difference of levels taken with an 
ordinary measure. 

These gauges are often made with two 
straight tubes connected at the top and 
bottom by a small chamber. The advan- 
tages of this system are, that the tubes 
are easily taken apart and can be readily cleaned ; they 
are also much stronger, as the bent tubes are very liable to 
break. 

There are other means of indicating pressure by a dosed 
cylindrical vessel which is divided into two distinct con- 
centric cylindrical compartments, the water passing freely 
from the one to the other. In the central compartment ia 
placed a float, with a rod attached to it, which is provided 
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wiih a scale, passing througli the cover of the vessel. The 
gas on entering the outer compartment depresses the water 
therein, consequently elevates it in the central compart- 
ment, by which means the float is raised, and the pressure 
indicated on the scale, by a pointer on the end of the rod, 
attached to the float. This principle is applied in various 
ways, sometimes with a dial in the centre, or with a pointer 
and semicircular scale. Instruments of this class are often 
made very ornamental. 

In many establishments the maximum pressure in the 
town does not exceed 1 inch or li inch, a minimum pres- 
sure of Aths being obtained in the lowest parts of the 
district, which is sufficient and ample for general purposes. 
In others, however, perhaps from the position of their 
works, or the size of mains, or the elevation of the locality 
supplied, much greater pressure is required. 

For ordinary purposes, as when ascertaining the pres- 
sure in the mains of the town, a gauge 5 or 6 inches long 
is sufficient. The pressure in the streets may be known 
by attaching the gauge by means of a flexible tube to 
the lamp burners, or, if more convenient, on the premises 
of a consumer, but taking care that there is no supply 
from the same service. This operation should be adopted 
at least once a month in order to ascertain the pressure in 
the various districts ; by these means in the event of stop- 
pages, or the mains being too small, the defects will 
be ascertained, before they become annoying to the con- 
simiers. 

At one period, when small mains and heavy pressure ex- 
isted on works, pressure gauges were made with mercury 
instead of water, when they were of course of very limited 
size. However, the superior intelligence now engaged in 
gas manufacture renders these no longer desirable. 

The gauges above described only indicate the pressure 
acting on them at a particular moment, and leave no 
record ; but there are other instruments employed which 
not only indicate, but record rigidly, throughout the day 
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and nighty the pressure which has acted on them. Of 
these there are two kinds, and called pressTire registers or 
indicators. 



Crosley's Fressttre Begister or Indicator. 

This instrument in France is called le mowhardf the 
spy, signifying its duty to keep watch over and record 
the manner tiie workmen attend to their duly in the 
delivery of gas to the districts. Its action is automatic 
and continuous, requiring the application of a dock to 
indicate the various periods of time, whilst means are 
adopted to record the pressure. 

This instrument was first manufactured by S. Crosley, 
and consists of a tank of cast-iron or tinned plate of about 
3 feet deep and 16 inches diameter, in the centre of which 
is a vertical pipe in connection with the main. On the top of 
the tank is a receptacle for a vertical revolving cylinder of 
about 16 inches long and 5 inches diameter, enclosed by a 
glass frame secured with lock and key. The whole is sur- 
mounted by a clock which is connected to the cylinder and 
causes that to revolve once in twenty-four hours. Within 
the tank is a gas-holder of about 14 inches diameter and 
16 inches high, having a float throughout its length to give 
it the required degree of buoyancy when immersed, but 
which gives a gradually increasing weight and conse- 
quently pressure on rising. The holder has proper roUers 
and guides to enable it to rise and descend in the tank 
with all freedom. Attached to the top of the holder is a 
rod which passes through the centre of the cover of the 
tank, and on the top of this rod, is a spring pencil for the 
purpose of recording the degrees of pressure. 

Around the vertical cylinder is coiled a sheet of paper, 
which is marked into twenty-four vertical divisions to in- 
dicate the hours of day and night, corresponding with the 
clock above. There are also horizontal lines correspond- 
ing with the pressure, which are numbered, commencing 

M 3 
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from the bottom marked zero, continuing to forty or fifty 
tenths. Thus as the holder in rising, by reason of it 
haying less buoyancy, acquires a greater degree of weight, 
it is obvious that this weight at various positions being 
ascertained, the scale of pressure can be arranged accord- 
ingly ^7 ^6 horizontal lines. 

On ihe tank being supplied with water to the desired 
height, if there be no pressure the pencil will remain at 
zero' ; but if the gas be admitted, say at a pressure equal 
to 2 inches, the holder rises, and with it the pencil, which 
records the pressure on the horizontal lines of the coil of 
paper, while the vertical lines indicate the period that such 
pressure existed. By these means, during the whole of 
the day and night, the pressure is faithfully indicated and 
recorded by the pencil on the paper. In all well-regulated 
works the pressure indicator is employed, to which a fresh 
paper duly dated is supplied daily, and is afterwards kept 
as future reference in the event of any complaint arising. 

Wright's Pressttre Eeoister. 

The pressure register represented by Fig. 48 is a much 
smaller and cheaper instrument than the former, and was 
invented by the late A. Wright. Its size renders it very 
portable, its moderate price permits its being adopted in 
works of all descriptions, and it is largely used by gas 
companies to record the pressTire existing in different parts 
of their districts. 

This instrument consists of two concentric cylinders, the 
outer one, or case, a a, being about 16 inches diameter, 
closed at its base, also at the top over the annular space 
formed between the outer cylinder a a and the inner 
cylinder c. The annular and cylindrical chambers com- 
municate with each other only through a small space left 
between the lower edge of the inner and the bottom of the 
outer cylinder. The case is surmounted by a clock enclosed 
in a glass shade. The clock, instead of having an ordinary 
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face, is provided with a metal disc ^hich carries a rarcular 
sheet of paper, divided by twenty-four radiating lines cor- 
responding with &e hours of day and night ; also having 
a series of concentric rings corresponding with the various 
degrees of pressure. A float carrying a rod, d, and pencil 
sinular to that of the pressure register, is placed vrithin 




Eg. 48 

flie inner cylinder, which is open at the top. "When re- 
quired for use, water is poured into the vessel e until it 
flows from the tap e. Gas being then admitted by the 
pipe i, the water ia depressed in the annular chamber, and, 
elevated in the inner cylinder, and raising the float, causes 
the pencil to mark in accordance with the level of the 
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water in ilie cylinder Cy and in agreement with the pressure 
acting thereon. 

As already observed, fresh sheets or discs are required 
daily, and, as they may become very important records, 
should be carefully preserved. These instruments are 
very essential to the proper distribution of gas — ^they 
serve to correct irregularities, and point out the cause of 
complaint arising from any want of imiformity of pressure, 
and at the precise minute. The register enables the 
engineer or manager to adjust the pressure in the most 
delicate manner according to the requirements of the dis- 
trict during the successive periods of the twenty-four 
hours, when often a marked variation exists in the quantiiy 
of pressure required. 

Por instance, there are some works which throughout 
the day scarcely deliver a greater pressure than Aths of an 
inch, which is gradually increased, according to the demand 
for gas, the position of the town, and size of the mains, and 
in some instances, at the time of full lighting, a pressure 
of 4 or 5 inches may be required to be delivered at the 
works, although at remote parts of the district this may be 
reduced to a few tenths pressure. Again, as the lights are 
discontinued, the pressure is gradually reduced at the 
works until midnight, when it is further diminished to its 
TYn'TiiTmiTTi night pressure, imtil the hour when the street 
lamps are extinguished. 

There is a modification of the pressure register, both 
Crosley's and Wright's, which records the action of the 
exhauster, and is very useful in order to prevent imdue 
exhaustion, to which cause must undoubtedly be attributed 
the great variation existing at times, in the quality of gas 
supplied by companies ; inasmuch, as shown elsewhere, as 
very slight quantity of air deteriorates the quality of gas 
in a marked manner. 

A very ingenious contrivance for regulating the pressure 
to a town or district, called the Automatic Pressure 
Changer, has recently been invented by Mr. W. Cowan, 
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of Edinburgh. By this machine the pressure can be con- 
trolled at various periods during the night and day for an 
entire week, according to the wants of the consumers and 
the public lighting ; and once adjusted, by it the duty is per- 
formed with as much accuracy as with human supervision. 
This is accomplished by a revolving disc, having the 
twenty-four hours marked thereon, corresponding with the 
hours of the clock which gives motion to the disc. There 
are also several tappets attached to the disc, at the points 
corresponding with the exact periods when the pressure 
has to be changed, and project a short distance beyond its 
periphery. There are two taps, one of which delivers 
water on to a governor and so gives the desired pressure ; 
and by means of the other tap, the water is syphoned from 
the top of the governor when the pressure is required to 
be reduced. Each of these taps is actuated by its corre- 
sponding lever; thus in due course as the disc revolves 
according to the hour, one of the tappets comes in con- 
tact with a lever and opens its corresponding tap and 
allows a quantity of water to flow, which increasing the 
pressure to the reqtiired degree, acts on a small gas-holder 
forming part of the apparatus which rises and closes the 
tap. The reduction of the pressure is obtained in a similar 
way, by syphoning the water from the top of the governor, 
and the small gas-holder closes the tap when the degree of 
pressure is attained. Thus, as its inventor says: — '*The 
functions of the instrument are — ^to open a tap for the 
supply of water to load the governor to any required 
pressure; to close the tap when such pressure is reached ; 
and to repeat the same operations for the attainment of 
still higher pressures at such times, and to such degrees, 
as may be necessary. In like manner to open another tap 
for the withdrawal of water to unload the governor when 
a lower pressure is desired ; to close the tap when such 
pressure is reached ; and to repeat the same operations for 
the still further reduction of the pressure as often and to 
such extent as required." 
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We have heard that one of these apparatus worked in a 
highly satisfactory manner for a considerable period at a 
Metropolitan works, and no doubt there is a good future 
for the Automatic Pressure Changer. 

"We were only made acquainted with the apparatus in 
question after this work had been written and our space 
was fully occupied, otherwise we should have had great 
pleasure in presenting a drawing of this highly ingenious 
apparatus, which, however, would have entailed a much 
more comprehensive description than that given, and occu- 
pied considerable space. 

The gas regulator has been one of the most favourite 
subjects for patentees, for which at least upwards of two 
hundred patents have been obtained without presenting 
any marked difference from those we have described ; and 
at the present time hardly a month passes without an 
addition to the lists, continually repeating that which was 
accomplished many years ago. 



CHAPTER XV. 

AMPLICATIONS AND MANUFACTURE OF RE8ILUAL 

FRODUCTS. 

Coke — Mantifacture of Stilpliate of Ammonia — ^How to ascertain the 
Value of AmmoniacfJ liquor — The Hydrometer — Table of 
Specific Gravities, and Weight of Ammoniacal liquor — The Al- 
kalimeter — Apparatus employed— The Mode of Manufacturing — 
The Profits derived from the Process — Precaution to be Observed 
— Tar, Applications of, for Various Purposes — Breeze — Foul limo 
— Foul Oxide of Iron — Methods of Preparing Test Papers. 

COEE. 

This residual is largely used for domestic purposes, for 
wliicli it is often broken in pieces of about the size of a 
small orange, or rather less, which enables it to bum witk 
great facility in ordinary stoves, and for that object the 
smaller the stove the smaller will the coke be required. 
There are two or three kinds of machines manufactured 
for breaking the coke. 

Coke is also employed for steam boilers, and we have 
known it to be used abroad for locomotives. It is ex- 
tensively used for burning lime ; in short, it is employed 
for innumerable manufacturing purposes, and wherever a 
large quantity of caloric is requisite, generally it can be 
obtained at a cheaper rate from gas coke than from coal. 

The MAinrFACTXJEE op the Sulphate op Ammoih^. 

Of all the various compounds of ammonia, the sv\3:^\i5a^^ 
is the most easily manufactured v it Toaja «3l^«:5% ^ ^<&aSv;:3 
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sale ; is not a perisliable commodity in the ordinary sense 
of the term ; requires no skill in producing it ; and this 
compound should always represent an important item in 
the balance-sheet of every company making twenty million 
feet of gas per annum, and should yield, no matter where 
the works may be situated so long as the freight or 
carriage is reasonable, on the average about two shillings 
for every ton of coals carbonized ; and the importance of 
the subject in question, by which tens of thousands of 
pounds may be saved annually to gas companies, particu- 
larly to those situated abroad, induces us to devote con- 
siderable space to it, in order that the process may be 
learned by any one so disposed. 

The methods usually employed for determining the value 
of ammoniacal liquor are simple, and may be performed 
either by ascertaining its specific gravity or by neutralising 
it by means of an acid. For the first purpose all that is 
required is a hydrometer, or, as more expressively called in 
French, p^se-ltqtiewy or liquor weigher. Of these there are 
various kinds suitable for the different liquids they are 
intended, but that which is required for our purpose is 
called *' Twaddle's hydrometer," No. 1, and is usually 
supplied with a glass jar, both of which may be had of 
A. Wright & Co., Millbank Street, Westminster, for six 
or seven shillings; of whom also may be procured the 
acids and other appliances hereafter mentioned. The 
apparatus in question is represented in the annexed 
Fig. 49, and consists of a glass jar nearly filled with 
the ammoniacal liquor about to be examined. In this 
liquor is the hydrometer, composed of a glass bulb h, to 
which is attached the lower bulb e, and the glass stem a. 
The lower bulb c contains a small quantity of mercury for 
the twofold purpose of adjusting the instrument and keep- 
ing its stem always in a perpendicular position. Within 
the stem is a scale, the top of which is marked 0, the 
numbers corresponding with the various degrees, increas- 
ing as they descend. When required for use the jar is 
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placed on a stand and nearly filled with the liquor to be 
examined; the hydrometer is then gently placed in the 
fluid, and when it is perfectly steady the 
figure on the scale level with the surface 
of the liquid indicates the strength ; thus 
if we suppose this figure to be 3, the am- 
moniacal liquor will be of the strength of 
3 degrees Twaddle. 

In the estimation of the liquor, how- 
ever, it is usually defined by the *' ounce 
strength," a term to be hereafter ex- 
plained, and by a fortunate circumstance 
the '* ounce strength," the weight per 
gallon in pounds, the specific gravity, and 
the degree of strength according to the *^^' *^' 

Twaddle hydrometer, correspond with each other as repre- 
sented in the table on the following page. 

From this table we learn that a cubic foot of water 
weighs 1,000 ounces, hence that number denotes its specific 
gravity, and is universally adopted in chemistry as a standard 
of comparison for all other liquids. We also find that 
liquor of 3° Twaddle is equal to " 6 ounce strength ; " that 
one cubic foot of it weighs 1,015 oz. ; therefore it follows 
that in each cubic foot of liquor of that strength there are 
15 oz. of ammonia in combination with 1,000 oz. of water. 
Or if we suppose the liquor to be 10°, or 20 ounce strength, 
then each foot would contain 50 oz. of ammonia combined 
with 1,000 oz. of water. 

Before proceeding further, it may be necessary to describe 
the means of ascertaining the presence of an acid or alkali in 
any liquid. Por this object litmus test papers of about two 
inches long and half an inch wide are usually employed ; 
these may be either purchased or prepared by the operator, 
for which instructions are given on page 175. Acids have 
the properly of changing blue litmus paper to a reddish 
colour, when it is called "red litmus paper." Alkalis, 
on the other hand, change red litmus to its natural blue 
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Table showing the Degree aggokding to Twaddle, the 
Speoifio Gravity, and Weight per Cubic Foot, and 
Gallon, with the ** Ounce Strength " of Ammo- 
NiACAL Liquor. 



Degrees 
Ttraddle. 



Water. 
6 

J 
1 

li 
2 

2i 
3 

3J 
4 

4J 
5 

6J 
6 

7 

7i 
8 

8J 

9 

9J 

10 

lOj 

11 

llj 

12 

12i 

13 

13J 

14 

14i 

15 

16J 

16 

16J 

17 

17J 
18 
18J 
19 
19^ 
20 



Sp. Gr. and Weight 

per Cubic Foot in 

Ounces Ayoirdupois. 



1000 

1002-5 

1005 

1007-5 

1010 

1012-6 

1015 

1017-6 

1020 

1022-5 

1025 

1027-6 

1030 

1032-5 

1035 

1037-5 

1040 

1042-5 

1045 

1047-5 

1050 

1052-5 

1055 

1057-5 

1060 

1062-5 

1065 

1067-5 

1070 

1072-5 

1075 

1077-6 

1080 

1082-5 

1085 

1087-5 

1090 

1092-5 

1095 

1097-6 

1100 



Weight per Gallon. 



10- 

10-025 

10-05 

10-075 

10-1 

10-125 

1015 

10-176 

10-2 

10-225 

10-25 

10-275 

10-3 

10-325 

10-35 

10-375 

10-4 

10-425 

10-45 

10-475 

10-5 

10-525 

10-55 

10-575 

10-6 

10-626 

10-65 

10-675 

10-7 

10-725 

10-75 

10-775 

10-80 

10-825 

10-85 

10-875 

10-9 

10-925 

10-95 

10-975 

11- 



Ounce 
Strength. 





1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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colour. Thus if a liquid, say water, contaiiis acid even 
to the extent of a drop of strong acid in a gallon, on 
dipping a blue litmus test therein its colour is at once 
changed to that of red litmus; ammonia, on the other 
hand, being an alkali, is detected by red litmus, which 
by the action of the ammonia is restored to its original 
blue colour. 

The sulphate of ammonia is a compound of ammonia, 
which is termed the base, combined with sulphuric acid, 
and when the two exist in the exact proportions — that 
neither the acid nor ammonia predominate — ^the liquid 
is termed * * neutralised." Hence on being able to ascertain 
the quantity of acid necessary to neutralise the ammonia, 
the value of the liquor, or quantiiy of ammonia contained 
therein, is determined. For this object, let us, for example, 
suppose a gallon of ammoniacal liquor about to be investi- 
gated, which is placed in a glass or earthenware basin, 
in order to avoid any action of the acid on the vessel. Then, 
on placing a reddened litmus test paper in the liquid, the 
former is immediately changed to its blue colour. But if 
we now take a graduated phial, say of the capacity to hold 
ten ounces, containing strong sulphuric acid, arrangements 
having been previously made to carry off the fumes, then 
by slowly adding the acid to the liquor, at the same time 
stirring with a glass rod, an effervescence wiU take place, 
and as this subsides the acid must be added with caution. 
The liquid is now tested at short intervals, but as by the 
disengagement of sulphuretted hydrogen the test papers 
are liable to change colour, for that reason several papers 
may be required. Thus if we suppose that of the 10 ounces 
of sulphuric acid, that 8 oz. be required to neutralise the 
ammonia contained in the gallon, this would be called 
8 ounce liquor. Hence the term of " ounce liquor." 

In practice, however, the operation is much simplified, 
and for which purpose an alkalimeter, represented in the 
engraving, Fig. 60, is necessary. This is «u ^^je^'e* ^^"^^'^ 
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T^^ ma^ tib^ ^t^ffioatim^ & v^kxaom. dt ao^ eaJkd 10 per 

gmfit^ 6< IM^ k tttzftd widiL dndO^ wa&er imtil Ae 

0Cil8rti6ft measar»s exatedf one gaDoo, Ae 
^^^ if«(«lfie gnkvitj of wlndi will be 1064-3u 

^^L Tbk k akw> caDed fe^ aeid. 

yV ^p Wben of«satiiig^ fint fin tlie alkali' 

c^r ]Im4«t to tb^ pDiint maiked nidi tihe 
■ ^ anuiMwiaeal IkpKnr ab(9iit to be exammed, 

wbk^ pc^or iii^ a poii%]am dialbyir basn ; 
liiMfe flie altaKmi'to'wifli a small qnanti^ 
of water in order to p rev ent zbj loss of 
anunoDiay tbis ponr also into HIblb basin 
csontainingtheliqnor. NowfiUthealkali- 
nu^t^r to tbe point wiib the test add, 
which is then to be poured genlljinto the 
basin containing the liqnor, at the same 
time stirring it with a glass rod. When 
the effervescence abates add the add very 
cautiously, drop by drop, stirring the 
liquor and testing with the litmus paper 
at each addition of add, untQ the test 
paper assumes a neutral grey or slightly 
rod tint, when the neutralisation is effected. Then, on 
obworring the quantity of test add employed, the strength 
of the liquor is ascertained. Thus if we suppose that ten 
pttrt« out of the sixteen have been used, the liquor examined 
will thon be 'MO ounce." 

The operation of manufacturing the sulphate of ammonia 

conMintM in submitting the ammoniacal liquor to the action 

of hottt, by which the ammonia is expelled, and then 

jiAMHOM into a strong solution of sulphuric acid, which 

^httorhH tho ommonia ; when, by the combination, crystals 

o£ tho fuJphato of ammonia aio loTmQ^,^"\2i^^t^^<»D2LQyed 
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and allowed to drain and dry. To further facilitate the 
liberation of the ammonia, lime is sometimes admitted 
into the boiler containing the liquor. 

In the ordinary manner of manufacturing, the liquor 
is pumped into a large separating reservoir situated at a 
distance above the ground. After being allowed some 
time to repose, the ammoniacal liquor is conveyed to the 
boiler intended for its distillation, whilst the tar which 
settles at the bottom is run into its corresponding reser- 
voir, or boiler. 

During the many years that gas-lighting has been in 
existence, the process of manufacturing the compound 
under consideration has received less attention than, 
perhaps, any Other matter connected with that art ; and 
oven at the present day, at works of considerable magni- 
tude, the operation is conducted in the most slovenly 
manner, and sometimes the ammoniacal liquor is allowed 
to flow away to the sea, which is to be regretted on account 
of the value the product in question is daily assuming. 
We propose to describe the best apparatus that has 
hitherto come under our observation, as adopted by Mr. 
Browning, engineer of the Colchester Gas Company, which 
leaves nothing to be desired. 

At those works for the manufacture of the sulphate there 
is a liquor tank, capable of containing 30,000 gallons, 
which quantity may in the course of time be allowed to 
accumulate, when the operation of manufacturing is com- 
menced and continued for several days without interrup- 
tion. Or the operation may be carried on at intervals more 
or less frequent as the liquor is produced. 

At an isolated part of the works is a building erected 
expressly for the purpose under our consideration, as 
represented in plan in Fig. 51, page 262 ; but so far as 
regards the odour emitted in the process, the operation 
could be carried on in the midst of a populous neighbour- 
hood without giving rise to any complaints of nuisaiifi^. 

The apparatus for the opeiatioii coubi^X.^ ^i «« ^dw^-ws^ 
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pump, », of the cheapest and Bimpleat description. A;l 0-horse 
steam boiler, having a communicatiiig pipe in connection 
vith the condenser and the furnace, for an object hereafter 
mentioned. Another cj-lindrical vmsel, similar in shape to 
the boiler, but of larger dimensions and without a furnace, 
called the "liquor boiler," contains the anunoniacal liijuor 
to be operated upon. From the dome of this Tessel is a 
pipe which oonreys the vapours and ammonia to the 
saturating vessel, or " satnxator," and with the exception 
of this pipe, and that communicating with the steam boiler, 
the liquor boiler is hermetically closed. 

The saturating vessel is placed on the ground, and 
composed of a wooden tank, < *, of about 9 feet square and 
2 feet deep, lined throughout with lead, on the top of 





Fig. as. 



which is the gas chamber, as shown in plan and section 
above. 

Fig. 52 represents a section of the saturating vessel and 
gas chamber, together with the corresponding pipes 
attached thereto. The saturator, represented by the letters 
« «, is simply a wooden tank lined with sheet-lead, and, 
as indicated by the dotted lines, it is filled with liquid. 
The gas chamber, represented by the letter c, consists 
of a leaden box closed at the top and open at the bottom, 
and dips a few inehea into the liquid within the saturator. 
This chamber is supported by a wooden framing, which 
for simplicity of explanation is not shown. The pipe a 
comes direct from the dome of the liquor boiler, and 
passes to the bottom of the gas chamber, where it is made 
in the form of a horseshoe and perforated, or any other 
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form that may be Buitablo for distributmg the yapours of 
ammonia to the surrounding liquid. The pipe b carries 
off the gases resulting from the admixture of the ammonia 
with the acid, to the condenser, whilst the small pipe e, 
with the funnel at the top, delivers gradually the acid 
to the saturator as required. Fig. 53 is a plan of the same, 
all the letters of reference corresponding with the parts 
mentioned. As remarked, there is a space of about eighteen 
inches wide on each side of the saturator, indicated by the 
letters yy, called the ''pockets," and from these pockets 
the crystals of sulphate are withdrawn as they are formed. 

A leaden-lined vessel, the " acid tank," is the reservoir 
for the sulphuric acid, and from this, a pipe conveys the 
acid to the top of the gas chamber, where there is a regu- 
lating tap for adjusting the quantity. 

A wooden bench lined with lead, the " draining bench," 
is fixed immediately adjoining the saturating vessel, and 
on this bench the sulphate of ammonia is placed as it is 
withdrawn from the bottom of the saturating vessel ; after 
which it is allowed to drain, but subsequently it is removed 
to the ''draining floor" adjoining, which is formed of 
wooden boarding with interstices, backed with sheet lead, 
where it is allowed to remain until sufficiently dry for 
delivery. 

A small tank for mixing the lime and producing the 
milk of lime, in communication with a liquor boiler, com- 
pletes the apparatus. 

The condenser shown in plan consists of a number of 
6-inch pipes connected together by semicircular bends, 
placed in a horizontal position within an oblong brick tank 
containing water, similar to a description of apparatus used 
sometimes as a gas condenser, and of course is provided 
with the means for removing condensed liquor. 

When commencing operations in a new works, supposing 
everything to be in order as described, the saturator is 
charged with sulphuric acid. The ammoniacal liquor either 
flows from a tank placed at a suitable elevation, or is 
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pumped from the reservoirs into its corresponding boiler, 
until it is within about one-sixth of being full. Steam is 
then generated in the steam boiler to the desired pressure. 
This boiler is, however, provided with an injector for the 
purpose of supplying it with water whenever it may be 
desirable. 

The steam in the steam boiler, has a pressure of about 
40 lbs. on the inch, the object of which is to convey a 
high degree of caloric, then passes into the liquor in the 
boiler, which speedily reaches the temperature necessary tc 
expel the ammonia. 

As the ammoniacal gas is disengaged it passes from the 
liquor boiler down the pipe a, unites with the acid, where 
the gases and vapours evolved, pass by the pipe h to the 
condenser. Here the vapours are condensed, and the 
gases pass to the boiler furnace to be consumed. Fresh 
acid is supplied by the small pipe e in quantities corre- 
sponding with the amount of ammonia liberated from the 
liquor boiler. 

At certain periods the workman by his experience knows 
that crystals of sulphate of ammonia are formed and 
deposited at the bottom of the saturator, which he ** fishes 
out " with a wooden shovel, and after allowing a short 
time for the salt to drain he places it on the draining 
bench immediately adjoining, and fixed at a suitable height 
for the operation. 

Whether the supply of acid, or the. ammonia, is in excess 
is ascertained by the specific gravity of the liquor in the 
saturator. Should this be too low, the ammonia will be 
in excess of the acid, when the fact will be made evident 
by the odour of ammonia at the furnace door, or at a small 
hole made for the pui'pose. However, by carefully observ- 
ing the specific gravity of the liquid, this is avoided. 

When the supply of ammonia becomes sluggish, in 
consequence of the most volatile parts having been given 
off, a quantity of cream of lime is allowed to flow into 
the liquor boiler, which liberates the rest of the ammonia. 
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Towards the last part of tlie operation the vapour from 
the boiler may be tested with red litmus paper, and on the 
whole of the ammonia being driven off the steam is shut 
off from the liquor boiler ; when a steam tap, placed for the 
purpose, is opened, previously to letting the spent liquor 
run off ; but if this precaution be not observed, some injury 
may occur to the boiler by a vacuum being formed within, 
or some of the liquor of the saturator may be syphoned 
into it. 

The liquor left in the saturator serves for any future 
operation. 

The sulphate is afterwards taken to the draining floor, 
which is an ordinary flooring placed at a slight incline 
made of deal battens about 2 inches wide, and separated 
about a quarter of an inch from each- other ; and about 6 
inches beneath this is a receptacle for receiving the liquid 
from the sulphate, where it acquires the degree of dryness 
necessary to render it saleable according to general con- 
ditions. 

As observed, during the process, sulphuric acid is allowed 
to flow continually in a small stream into the saturator ; 
but as the liquid in this is always of a temperature of 
about 200**, the steam is not condensed at this point, but 
passes with the gases to the condenser. 

The gases produced by the combination of the sulphuric 
acid and the liquor, from which fatal accidents have some- 
times occurred when imperfect apparatus are employed, 
are conveyed directly to the condenser, where the vapour 
of water is condensed from them. The noxious gases then 
pass by a pipe to the interior of the furnace of the boiler 
already mentioned, and are consumed without occasioning 
either odour or inconvenienee. The whole of the process 
is so simple, so free from the chances of accident, and 
perfect, as to enable us to recommend it to any company 
or corporation desirous of manufacturing the compound 
in question. 

By the process hitherto adopted by Mr. Browning, the 
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contents of his liquor boiler is worked off in twelve hours, 
in which time he produces from 10 to 11 cwts. of sul- 
phate. But having in view a more economical method of 
working, that gentleman intends to adopt two smaller 
charges, which he expects to work off in sixteen hours with 
the production of 15 cwts. of sulphate. 

Among the advantages of the process are that the whole 
of the apparatus is hermetically sealed, and the operation 
as described is of extreme simplicity. These, together with 
the facilities for packing the material, which may be either 
in bags or barrels, as well as in the means of transport or 
shipment, and the opportunities afforded for its disposal, 
as there are merchants who purchase it in quantities as 
small as four tons. These circumstances, together with 
the facts that the sulphate is not a perishable commodity in 
the ordinary sense of the term, that during the last few 
years, although its production has considerably increased, 
its price has been also augmented, being at the time of 
writing this about £19 per ton : aU clearly prove how 
important a question is the manufacture of the compound 
in question when combined with a gas-works. 

According to Mr. Browning, the net profits derived 
from manufacturing the ammonia on their works after all 
expenses are paid, together with interest on capital em- 
ployed, are upwards of £500 per annum, which is sufficient 
to pay more than one per cent, dividend to the share- 
holders. From this we gather that an important revenue 
can be obtained from this drug, which is frequently allowed 
to flow away as useless, producing at times numerous 
evils. 

According to Mr. Whimster, engineer of the Perth Gas 
Commissioners, ''from 18 lbs. to 22 lbs. of sulphate of 
ammonia are obtained from each ton of cannel coal car- 
bonized in the manufacture of gas, the average produce 
being about 30 gallons of ammoniacal liquor of 4^® 
Twaddle arising from the condensed Hquor, and that 
obtained in the purifying apparatus per ton of coal. Of 
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268 RESIDUAL PRODUCnS. 

this liquor 1 ton, or 200 gallons will yield, 1 owt. 
of sulpliate of ammonia, and will require nearly that 
weight of sulphuric acid at 144° Twaddle, the actual pro- 
portion being in ordinary working about 92 per cent. 
With good sulphuric acid, made from sulphur, not from 
pyrites, a good light grey commercial salt is produced, 
containing 97 per cent, of pure sulphate, or 25 per cent, 
of pure ammonia." 

One ton of cannel yields on the average 20 lbs. of 
sulphate of ammonia. This, at the present price of £19 
per ton, is equal to 40 -Td., from which, if we adopt 
Mr. Whimster's figures, 9*7d. will have to be deducted 
as the cost of acid, fuel, and labour, when there 
remains 2s. 7d. net return from this source for every ton 
of coal carbonized. However, from this the interest on 
plant and wear and tear wiU have to be deducted, which 
will leave about 2s. 6d. as the net profit on every ton of 
cannel, derived from the manufacture of the compound in 
question. The yield of sulphate from caking coal is less 
than from cannel, averaging about 16 lbs. per ton. 

With these statements before us, it is evident that a 
most serious loss is sustained by every company which 
does not profit by this residual. At the Colchester works 
the consumption of coal is about 6,000 tons per annum; 
and yet within our knowledge, there are gas-works 
abroad carbonizing four times that quantity, where the 
whole of the ammonia is lost. Thus, taking the opera- 
tions of the Colchester company as a basis, in a works 
carbonizing 24r,000 tons of coal, the revenue from the 
source in question would be no less than £2,000 per 
annum, and this for a drug that is often permitted to flow 
away. The loss arising from this extraordinary care- 
lessness at the numerous gas-works in the world, must 
be hundreds of thousands of poimds sterling per annimi. 
This, however, is not all, for as the sulphate is generally 
employed as a fertilising agent, it follows that by the 
absence of that agent, the soil produces much less than it 
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otherwise would, by which the loss to the world at large is 
considerably augmented. 

It, therefore, becomes the duty of every memager of works 
of any importance, every secretary, and director of a com- 
pany, and' even the shareholders, to prevent this waste ; 
and to profit by the manufacture of the compoimd in ques- 
tion, for the transport and sale of which such extra- 
ordinary facilities exist. 

The necessary instructions for preparing the test papers 
referred to, which are also useful for testing the purity of 
the gas manufactured, are given on page 175. 

From the preceding dimensions, and the quantity of 
coal carbonized being given, we are of opinion that an 
apparatus may be estimated for a works of any magnitude. 
For instance, say for an establishment carbonizing 2,000 
tons of coal per annum a 3-horse boiler would be neces- 
sary, the liquor boiler would be required of about double 
the capacity, and a condenser formed of 3-inch pipes would 
be ample. 

A precaution to be observed in this process, however, is 
to be sure that the chimney has a proper draught in order 
to carry ojff and consume the noxious gases, as in one 
instance within our knowledge the engineer of a works 
narrowly escaped with his life by insensibly inhaling the 
poisonous compounds as they issued from the furnace door. 
With a proper draught there will be no cause for appre- 
hension. In some works where there are facilities for con- 
veying the noxious gases directly into the main shaft, the 
condensing pipes are dispensed with, and the cost of the 
apparatus is of necessity materially reduced. Besides these 
advantages there is the great consideration of the entire 
freedom from danger. 

Tar. 

The residual tar which accompanies the ammoniacal 
liquor is an important source of revenue for a gas com- 
pany. The quality of this for the purpose of distillation 
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and obtaining the light oils therefrom, depends on the 
temperature at which the coals have been carbonized; 
for when they are distilled at low heats a large quantity 
of naphtha and other volatile hydro-carbons are retained 
with the tar ; for, as already stated, the greater portion 
of the volatile products at extremely low heats are 
separated in a liquid state. But as the heat of the retort 
is increased, so is the quantity and quality of the tar 
diminished in value for the distiller ; and when retorts are 
worked at very high heats, the tar is poor in volatile con- 
stituents, for the obvious reason that they have entered into 
the composition of the increased yield of gas obtained at 
a high temperature. 

In many localities tar has a ready sale for chemical uses, 
for preparing wood, or making footways, or painting walls, 
and other numerous purposes for which it is generally sold 
retail. The distillation of tar requires a special knowledge 
of the subject, besides, even under the best conditions, it is 
always attended with some degree of risk and danger, as 
is made evident by the temporary buildings we some- 
times see applied to that object, and which are frequently 
destroyed by fire. If for no other reason, the chance of the 
tar igniting, as it often does in manufactories, its distilla- 
tion should not be attempted in a gas-works unless under 
very exceptional circumstances. 

Should the locality where the tar is produced be favour- 
able for its transport to a manufacturer, it is by all means 
the best way to dispose of it, that is if a reasonable price 
can be obtained. But in the absence of a market for it, the 
tar may with advantage be consimied in the manner de- 
scribed for heating the retorts, and in a works having only 
six benches, or settings, the yield of tar will be sufficient to 
heat one of them. 

There are districts where pavements or footways are 
constructed with ballast intermixed with tar, so arranged 
as to make a sound, impermeable, good footway of 
considerable durability. For this object the ground or 
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path should be £a*st supported on each side, either by a 
wall, kerbstone, or timber, in order to. retain the material 
to be employed. This effected, the path is levelled at about 
IJ inch below the intended surface. Ballast is then 
obtained, the largest of which wiU pass through a sieve with 
1 inch openings, and this can either be saturated with tar 
some days before use, so as to allow the most volatile por- 
tions to evaporate, or the ballast may be coated with hot 
tar from which some of the most volatile parts have been 
evaporated. The tarred ballast is then laid a thickness of 
about 1 J inch and levelled. This done, a quantity of hot tar, 
which has been deprived of a portion of its naphtha, is laid 
over the whole of the surface, and immediately- after some 
fine gravel is spread over the tar to the thickness of a 
quarter of an inch. The whole is then levelled by a heavy 
garden roller, when the tar intermixes with the gravel, 
forming an even and good footway. This system is ex- 
tensively employed in the suburbs of London and various 
other places, and is a profitable manner of disposing of the 
residual in question. 

Bbeeze. 

This residual is generally disposed of to brick-makers, 
and realises on the average about three shillings per ton. It 
is employed in conjunction with tar for making footways 
similar to that already described, but for this object the 
greater portion of the volatile matter should be first expelled 
from the tar. Breeze is also sometimes intermixed with 
a limited portion of tar, and after the two are well incor- 
porated, the mixture is placed in moulds and submitted to 
a heavy pressure, by which means, blocks of fuel are pro- 
duced, which in many localities will find a ready sale. 
This many years ago was a common fuel among the poorer 
classes* in Paris, and where tar and breeze have an in- 
different market they can be employed in the manner 
indicated. 

Mr. Anderson has invented a machine for the purpose 
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in question whicli is capable of making some tons of fuel 
per diem, «uid has been practicably employed with a con- 
siderable degree of success, although the object of that 
gentleman is simply to use the compressed material as fuel 
for the furnaces. But it is obvious that if it be suitable 
for that purpose, it will be equally so for domestic and 
industrial uses, by merely exposing the blocks of fuel in an 
oven or retort for a short time at a moderate temperature, 
in order to expel the most volatile constituents of the tar, 
and render the fuel hard; which is, indeed, the method 
adopted on the Continent. 

Foul Lime. 

The foul dry lime is generally appreciated in agricultural 
districts, but the price it realises is merely nominal. It 
has been proposed at various times to revive it in order to 
render it again effective as a purifying agent ; in some 
localities where lime is expensive this might be profitably 
done. 

Foul Oxide of Iron. 

This, under some circumstances, is a marketable com- 
modity, but for which purpose it is required to contain 
50 per cent, of sulphur. The price it produces is but 
small. 
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Mains aio) Services. 

Having entered into the manufacture of gas and the 
various apparatus employed therein, we now come to its 
distribution, which includes a knowledge of the means of 
conveying the gas to the various parts of the district, 
town, or city ; likewise the methods of conducting it into 
and through premises, together with the burners and 
other apparatus, such as heating and cooking stoves, 
employed in consuming gas. 

The pipes which conduct gas through the different 
streets are called main pipes or mains ; and those which 
convey it therefrom to the houses are termed services. 

Probably the first mains systematically laid throughout 
a town or city were those of the New River Company, up- 
wards of two hundred years ago, for the purpose of dis- 
tributing water throughout London. 

These were simply trunks of elm-trees left on the ex- 
terior in their rude state, the interior being bored out to 
the required size, which varied from 2 inches to 10 inches 
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diameter. One end of this pipe was tapered like a spigot, 
from which, no doubt, that part of east-iron pipes takes its 
name ; the other end had a conical seat to receive the 
spigot, and they were joined together with white lead or 
cement, and '* driven home " with a mallet. 

This rude state of laying mains existed until the com- 
mencement of the present century, when the combined 
requirements of gas and water led to the production of 
cast-iron pipes ; but when gas companies commenced their 
operations, such was their excessive cost, that £18 and £20 
per ton was the ordinary price then paid for them. By 
successive improvements introduced into this branch of 
industry the price has graduaUy diminished, and at the 
present day mains are obtained for less than one-third of 
that cost. 

At one period, when cast-iron mains were very expen- 
sive, several attempts were made to substitute them by 
pipes of other material. In a city in the western part of 
England an extensive trial was made to transmit gas 
through brick conduits. Earthenware pipes, similar to 
the drain pipes of the present day, were also used ; and 
bottle-glass mains were proposed, but never carried into 
operation. Pipes of earthenware were used on an exten- 
sive scale in some of the towns of France, the joints of 
which were made with Eoman cement, and the services 
attached by pimching a hole in the main and inserting the 
end of the leaden service-pipe, which was secured with 
cement. It is almost needless to say that this system 
resulted in complete failure, and several gas companies 
were aH but ruined by resorting to it. 

"Subsequently a description of main was introduced into 
Prance and the Continent called, after the inventor, the 
''Chameroy" pipe. -These are constructed of tinned or 
leaded sheet iron ; the pipes, of 2 or 3 inches diameter, 
being of the thickness of ordinary stout tin plate, but they 
are made thicker according to the increased diameter, and 
thus, a 24-inch pipe is made of about No. 16 gauge plate. 
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In making these pipes the sheet iron is tamed round to 
form the pipe, when it is riveted and soldered ; and on the 
respective ends is cast corresponding male and female 
screws, made of a composition of tin, lead, «uid antimony, 
which are firmly soldered to the tube. The pipe then has 
a coating of tar internally, and a layer of asphalte, inter- 
mixed with sand, of from J inch to J inch thick, according 
to its dimensions, on the exterior; and when laid, they are 
screwed together with a hempen washer dipped in tallow, 
forming a very sound joint. Another method applied 
within the last few years has superseded the screws, and 
consists of two pieces, which imite together similar to a 
bayonet joint. Although apparently so very fragile, these 
pipes are of extraordinary durability, many of them having 
been interred upwards of thirty-five years without showing 
the slightest symptoms of decay; and undoubtedly the 
nature of the material of which they are composed pre- 
vents to a great extent the action known by chemists as 
*'endosmose" and ^'exosmose,'* which action is considered 
to exist to a serious extent with cast-iron pipes, and to be 
detrimental to the quality of gas transmitted through 
them. 

By a law of nature, all gases have a tendency to divide, 
separate, or diffuse themselves ; thus the poisonous air of 
confined places, the vitiated atmosphere of large towns and 
cities, or gases that may be engendered prejudicial to 
animal life, are diffused, and fresh air takes their place. 
This law is so powerful that gas, when confined in pipes 
or gas-holders, traverses the metal, and atmospheric air 
enters to replace it ; which action occurs with gas in mains, 
and is called endosmose and exosmose, derived from the 
Greek, signifying impulsion, or pressure from within and 
without. Of course, the more porous the substance con- 
fining the gas, the more powerful is this action ; hence the 
necessity of having the metal forming the pipes as compact 
as possible. 

It is also believed that when gas is iu a state of repose, 
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that is not flowing, or as sometimes termed, ''dead gas," 
the action of endosmose is greatly increased. 

Cast-iron pipes are universally employed in England, 
and their manufacture is at present brought to a great 
state of perfection. As ordinarily made, when under 
A inches diameter, they are 6 feet long and barely f inch 
thick; when under 12 inches and above 3 inches diameter, 
they are 9 feet long, varying from f to J inch thick ; when 
12 inches diameter, or larger, they are generally made 
12 feet long, but rarely exceeding ^ inch in thick- 
ness. 

These pipes have on one end a socket, sometimes called a 
''faucet," sufficiently large in diameter to allow the end of 
another pipe to enter very freely. These sockets vary in 
leng^ from 2^ inches to 6 inches, according to the diameter 
of the main, the first being for 2-inch pipes, the latter for 
those 36 inches in diameter. The other end of the pipe is 
called the spigot, and has a small bead cast on it, which 
prevents the yam passing into the pipe when the joint 
is being made. The quality of iron for pipes is of the 
utmost importance ; very soft black iron contains a large 
proportion of carbon, and this, by long use in the convey- 
ance of gas, becomes sometimes so soft that it can be cut 
with a knife with the greatest facility, like the crust of 
bread. 

Previously to being laid, the pipes should be tested 
separately by means of hydraulic pressure of at least two 
atmospheres ; at the same time, a few blows struck along 
those under examination with a hammer will detect any 
fault that may exist. Should there be any cracks or flaws, 
these will be perceived by the water oozing therefrom, 
when the pipe should be at once rejected. A sound pipe 
will easily be distinguished from a cracked one by the 
ringing noise it gives when struck smartly with a 
hammer. 

The following is a table of the weights and lengths of 
mains as usuaJly employed for gas, \)\\\. «k» \lift i^i^es of 
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different mamifacturers vary in thickness, the weights 
must, therefore, be considered as approximative : — 



Table of the Weights and Lengths op Cast-ikon Mains. 



Diameter of Pipe 
in Inches. 


Weight per Pipe. 


Weight per Yard. 


Length of Pipes 
in Feet. 




cwts. qrs. lbs. 


owts. qrs. lbs. 




2 


1 16 


22 


6 


H 


2 


1 


6 


3 


3 18 


1 6 


9 


4 


1 1 13 


1 23 


9 


5 


1 3 8 


2 12 


9 


6 


2 1 15 


3 5 


9 


8 


3 24 


1 8 


9 


10 


4 2 6 


12 2 


9 


12 


7 2 8 


1 3 16 


12 


14 


8 1 20 


2 12 


12 


15 


11 


2 3 


12 


16 


12 1 8 


3 9 


12 


18 


15 


3 3 


12 


20 


18 


4 2 


12 



During the infancy of gas-lighting cast-iron pipes were 
made with flanges and put together with bolts and card- 
board washers, but, whether arising from the settlement 
of the ground or whatever cause, they were very suscep- 
tible to breakage, which caused them to be abandoned, 
and the lead joint became imiversally employed. Some 
years ago the turned and bored joint was introduced by 
the late Mr. King, of Liverpool, and although various 
methods of jointing pipes have been proposed from time to 
time, only these two systems, the leaded and the turned 
and bored joint, are generally adopted. 

The lead joints afford greater facilities than the other 
for laying where there are curves or bends and short 
lengths, and, in addition, they possess a degree of elasticity 
which in some localities may be desirable. 

When making this joint the spigot of the pipe about ifs 
be laid is placed into the socket oi t\iat b[\i^^^ ^kA-i ^'^^^'^ 
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tarred gasket of spun yam is driven into the socket by 
means of ''caulking," for about half its length. After- 
wards the remaining portion is filled -with molten lead, 
which when cold is **set up" with a thick caulking-iron ; 
by which means the ring of lead is wedged sufficiently 
tight to prevent the escape of gas. Sometimes, when more 
than ordinary care is adopted, the joint is afterwards 
smeared or painted over with a composition of hot pitch 
and tallow, which serves to stop any very minute leakages. 

Care must be taken in the operation when making these 
joints not to have a superabundance of lead on the outer 
part of the joint, or as termed ''too full a joint," for in 
this case it often happens that in "setting up" — ^particu- 
larly if the workman be inexperienced — ^the socket spKts ; 
and if he conceals the results of his awkwardness, probably 
a leakage of consideration may exist during many years. 
The same casualty is likely to happen if the joint is not 
full enough, when the socket is sometimes split by the tool 
being wedged in. Main laying requires men who are well 
accustomed to the work. 

The lead is poured into the joint by means of a belt of 
plastic clay attached around the edge of the socket, just 
leaving sufficient space for the quantity of lead required, a 
"gate" being left at the top, into which the metal is 
poured, Another plan for pipes of large dimensions is to 
have a flat ring of about IJ inch wide and i inch thick, the 
internal part of which fits closely to the pipe. This ring 
is jointed like a pair of callipers, which it resembles, and 
the two ends are turned at right angles, with bolt-holes to 
secure them together. This replaces the heLt of clay, and 
when fixed the interstices around it and the pipe are 
smeared over with clay when it is ready for pouring the 
lead. This system, for large mains, is much to be recom- 
mended, for making a good joint and for the facility with 
which it can be done. 

Tlie other description, the turned and bored jointed 
pipes, although somewhat highex m ^^Vg^ \sv. ^ot^QCj^ence 
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of the labour in taming, as will be seen hereafter, are 
cheaper than those of lead when laid. When laying these 
all that is required is to dean the turned faces and smear 
them over with red mastic, when the pipes are connected 
and driven home either with a mallet, or by a pipe sus- 
pended to shear legs, or by means of a screw working 
against a stake driven into the ground. When laid in a 
straight line of considerable leng^ these pipes make an 
excellent job ; they are readily put together, and per- 
fectly sound ; but imder some conditions, as when placed 
on a dead level or slightly deviating from that, they 
demand extra care in laying, as the position of the pipe as 
regards its level is controlled by the manner it is forced 
home — ^thus, if struck above the centre, the end of the 
pipe will have a tendency to rise, and if beneath, it will 
descend below the proper level. 

In very large pipes of 4 or 5 feet diameter, the New 
Eiver Company employed a few years ago another means of 
making joints. In this case a bead is cast on both ends of 
the pipe, there being no socket. There is a collar or belt 
of cast iron, about 7 inches wide, made in three or more 
segments, which are secured together by bolts and nuts. 
The interior of this belt assumes the shape of, and fits 
tolerably close on to, the beads of the two pipes to be 
jointed. Previously to the iron belt being placed, a band 
of felt, of about the same width as the belt, dipped in 
tallow, is laid around the pipes and over the beads, when 
the cast iron segments are placed and screwed up, making 
a good, sound, cheap, and somewhat flexible joint. 

We, however, witnessed a similar plan to this employed 
for the mains of a gas company abroad with the very worst 
results. Besides this, it was more costly than either of the 
ordinary methods of laying mains. 

The annexed table of the cost of laying mains is taken 
from Mr. Newbigging's Handbook for gas engineers : — 
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An evil to be avoided in laying mains is the system of 
contracting at an unreasonably low price, wbicli contract 
is sometimes afterwards sublet. Under such circumstances, 
it follows that instead of the joints containing their proper 
quantity of lead, often only one-third of that is employed, 
when, although the joints may be caulked so as to be 
rendered sound at the time, yet on the slightest settle- 
ment of the ground they wiU become defective, and a 
continual source of loss to the company. 

Sound mains are the first essential for the prosperity of 
a gas company, and, although during many years the 
leakage of gas was estimated at 30 per cent, of the pro- 
duction, modem practice teaches us that with ordinary 
care this should not exceed 10 per cent., whilst by some 
companies it is reduced to as low as 5 per cent. 

Whenever the loss from unaccoimted-for gas is exces- 
sive, the cause should be sought without delay. In some 
cases this occurs through an excessive supply to the street 
lamps. This, at the present time, with the improvements 
introduced into lamp regulators, by which any definite 
quantity is delivered, within a trifling percentage should 
never be permitted. As already observed, no doubt a 
large portion of the loss arises from the holders " blowing; " 
or the loss may arise from the consumers tampering with 
the meters ; or the meters may be so defective as to allow a 
large portion of the gas to pass unregistered, and which 
can only be ascertained by proving every meter in the 
district. Years ago one of the London companies allowed 
their meters to fall into such a state of decay that the 
dividends of the shareholders suffered very severely in 
consequence. 

Again, the loss may arise from defective services, or a 
main or service may be very defective, allowing the gas to 
escape at some out-of-the-way locality, where the odour 
arising from the escaping gas is disregarded. If, after 
having investigated all these points and corrected the evils, 
the loss from imaccounted-for gas continues important, 
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then the only remedy is to test the mains, when the 
whole length may be divided into separate districts, each 
of which may be tested by a meter. 

For this purpose the main will have to be cut at three or 
four points, and an experimental or other meter with suit- 
able connections introduced, when the amount of leakage 
will be ascertained in each district. This accomplished, 
the judgment of the engineer or manager, will direct him as 
to the best course to be adopted, whether to strip the whole 
line of main, or one portion only. 

Our opinion is that the loss from mains, unless recently 
disturbed, or when badly laid, is unimportant, inasmuch 
as the corrosion which forms itself on the pipe and joints 
generally serves to prevent the gas escaping; and even 
decayed services, which, when removed from the ground 
are perforated with large holes, often show no signs of an 
escape imtil they are disturbed ; and that old mains are 
not conducive to heavy leakage is made evident by the 
small amount of unaccounted-for gas of the Gas Light 
Company, which has the oldest mains in the kingdom in 
use. 

There are, however, certain destructive agencies which 
materially affect the durability of mains ; thus it is said 
that the worst of all ground in which pipes can be laid is 
**that containing ashes, cinders, and moisture; in these 
the pipes are speedily covered with marks throughout, 
similar to pock marks, some of which eventually penetrate 
the metal. This action is undoubtedly due to electrical 
agency, by each of the numerous particles of carbon being 
in contact with the iron, which, aided by the moisture, form 
little batteries, and produce the rapid decay." In sandy, 
saline groimd a coat of oxide forms itself on the exterior, 
which materially diminishes the thickness of the iron of 
the pipe, but the metal does not alter in its nature. In 
made ground, cast-iron pipes become rotten and soft. 
Lastly, in clayey soU the iron is kept in an extraordiaary 
state of preservation; and we have known pipes to bo 
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embedded in clay with a view to their preservation. There- 
fore the duration of mains depends entirely on the soil in 
which they are laid. 

In laying mains, the first consideration is the maximum 
quantity of gas likely to be required for delivery per hour ; 
which decided, then a point in the town where there will 
be a general divergence of the pipes must be ascertained. 
The distance between this point and the works being 
known, the size requisite for the leading main may be de- 
termined by referring to the very accurate table calculated 
by the late Mr. Barlow, of the quantity of gas delivered 
per hour under certain pressures, by various sized pipes, 
of different lengths, which was published some years ago 
in the ''Journal of Gas Lighting," of which the following 
is an abridgment. 

The table is calculated on the supposition that the pipes 
are on a level ; if there should be a descent to the part to 
be supplied, they ought then to be somewhat larger ; on the 
contrary, should there be an ascent; their dimensions may 
be diminished. 



Discharges op Gas in Cubic Feet pek Hour through Pipes op 
VARIOUS Diameters and Lengths, at different Pressures. 

{The speeijic gravity of gets estimated at 400, air being 1000.) 
Diameter of Pipe ^ inch. 



Length in yards 






with 0*1 inch pressure 

0-2 

0-3 

0-4 

0-6 



ft 



tf 



10 


20 


30 


50 


37-7 


26-7 


21-7 


16-8 


63-4 


37-7 


30-6 


23-8 


65-2 


46-3 


37-7 


291 
33-7 



100 



11-9 
16-8 
20-7 
23-8 
26-7 
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Diameter of Pipe } inch. 



Length in yards 




with 0*1 inch pressure 

0-2 

0-3 

0-4 

0-5 



>» 



If 



11 



11 



If 



1 10 


20 


80 


50 


104-3 


73-8 


600 


46-6 


147-5 


104-3 


84-9 


65-8 






104-3 


80-9 
93-2 

1 



100 



32-y 

46-6 
57-0 
65-8 
73-8 



Diameter op Pipe 1 inch. 



Length in yards 




with 0*1 inch pressure 

0-2 

0-3 

0-4 

0-5 



91 
If 
11 



It 



11 
If 



11 



11 



10 


20 


30 


50 


214 


151 


124 


95 


302 


214 


176 


135 






214 


165 
190 



ito 



67 

95 

117 

135 

151 



Diameter of Pipe IJ inch. 



Length in yards 






( with 0*1 inch pressure 



If 
ft 
11 
11 



0-2 
0-3 
0-4 
0-5 



11 
11 

19 
It 



25 


50 


75 


100 


236 


167 


137 


118 


833 


236 


192 


167 




289 


236 


205 
236 



200 



84 
118 
144 
167 
187 



Diameter op Pipe IJ inch. 



Length in yards 




with 
ft 

it 



0*1 inch pressure 

0-2 

0-3 

0-4 

0-6 



ft 
tt 
ft 



25 


60 


75 


100 


374 


264 


215 


187 


528 


374 


304 


264 




458 


374 


322 








374 



200 

132 
187 
229 
264 
295 
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Diameter of Pipe 2 inches. 



Length in yards .... 
/with 0*1 inch pressure 






»» 



0-2 
0-3 
0-4 
0-5 



ft 
ft 
tt 

>» 



50. 


75 


100 


150 


540 


441 


381 


311 


763 


623 


540 


441 




763 


665 


540 
623 



200 



270 
381 
468 
540 



Diameter of Pipe 2} inches. 



Length in yards 



{^^ ( with 0*1 inch pressure 
ig 2 tt 0-2 
^ g ; „ 0-3 

0-4 

0-5 






tt 
tt 
It 



tt 



tt 
»» 
ft 



t> 



50 


75 


100 


150 


943 


770 


667 


545 


1335 


1090 


943 


770 




1335 


1172 


943 
1090 



300 



335 
545 
667 
770 
861 



Diameter of Pipe 3 inches. 



Length in yards 



■^1 
si 






tt 



with 0*1 inch pressure 

0-2 

0-3 

0-4 

0-5 



tt 

tt 



t* 
tt 
tt 
tt 



100 


150 


250 


500 


1054 


859 


666 


471 


1440 


1214 


942 


666 




1487 


1153 


815 






1332 


942 
1064 



1000 

333 
471 
576 
e66 
744 



Diameter of Pipe 4 inches. 



Length in yards 






( 



{ with 0*1 inch pressure 
0-2 
0-3 
0-4 
0-5 



ft 
tt 
»» 



>» 
tt 
ft 
It 



100 


250 


500 


750 


2160 


1366 


966 


788 


3054 


1932 


1366 


1114 




2366 


1673 


1366 






1932 


1576 
1761 



1250 

611 

864 

1058 

1222 

1866 
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Diameter of Pipe 6 inches. 



Length in yards 



3 t 



/ "with 0*1 inch pressure 
0-2 
03 
0-4 
0-6 






If 

19 



100 


250 


500 


750 


3540 


2245 


1587 


1296 


5005 


3174 


2245 


1832 




3888 


2748 


2245 






3174 


2592 
2888 



1000 

1122 
1587 
1943 
2245 
2508 



Diameter of Fife 6 ikches. 



Length in yards 



^1 

Of 73 



with 0*1 inch pressure 

0-2 

03 

0-4 

0-6 



it 






250 


500 


750 


1000 


3770 


2660 


2170 


1880 


5320 


3770 


8130 


2660 


6520 


4620 


3770 


3270 


7540 


5320 


4340 


3770 


' 


5970 


4860 


4210 



1500 

1530 
2170 
2660 
3060 
3430 



Diameter of Pipe 8 inches. 



Length in yards .... 



tiH Ld 

Qf'd 



with 6 in. 


pressure 


»f 


08 


»» 


» 


1-0 


ft 


»» 


1-5 


i> 



750 


1000 


1250 


1500 


10940 


9450 
10940 


8480 

9780 

10940 


7760 

8940 

9900 

12200 



1750 

7150 

6260 

9237 

11300 



Diameter of Pipe 10 inches. 



• 

Length in yards .... 


760 


1000 


1250 


1500 


1750 


iS^'g / with 0-6 in. pressure 
%l\ „ 0-8 


19120 


16500 
19120 

\ 


14800 
17050 
19120 

\ 


13500 
15600 
17400 
21300 

\ 


12500 
14400 
16150 
19600 

1 
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DiAHGTER OF PlPB 12 INCHEB. 



Lengl 


h in j-aida 
Ydth 0-0 in 

„ oa 

„ 10 
„ 1-5 


prCBSUTB 


m 


1000 


1250 


ISOO 


1760 


■1 


30200 


2fil00 
30200 


23300 
26U00 
30200 


2H00 
24600 
27500 
33G00 


lesoo 

22700 
26450 
312.50 



Length in ytaia 

^f ' wiUi 0-8 inch pressuie 



DiAJCSTEB OP Pipe 18 e 



Length in yaida 


ISOO 


2000 


MOO 


sooo 


£"-a with O'B inch pressure 
■■gi ,. 1-0 


67600 
76700 


6SS00 
66600 
BOOOO 


523D0 
G880D 
71800 
82800 


38800 

63600 
656O0 
76700 



Diameter op Fife 20 ikches. 



LcDgth in yarda 

fr'S / ^tli "'8 iiK'h preBsnre 



76300 
93500 
108000 



288 



DISTRIBUTION. 



Diameter op Pipe 24 inches. 



Length in yards 1500 


2000 


2500 


3000 


^'g / with 0-8 inch pressure ; 137200 
*-g i ) „ 1-0 „ •■ 155000 

<5^ \ ,f 20 

i 


119000 
135600 
163000 


106000 
119000 
145500 
168000 


97000 
108600 
135600 
155000 



Diameter of Pipe 28 inches. 



Length in yards , 1500 



>»'g / with 0-5 inch pressure 
5.^ J „ 1-5 

h\ ;; 2-0 



99 
99 
99 



161000 
229000 
280000 



2000 



140000 
198000 
241000 
280000 



2500 



125000 
177000 
216000 
250000 



3000 



114500 
161000 
198000 
229000 



Length in yards 



Diameter or Pipe 30 inches. 




with 0*5 inch 


pressure 


»> 


1-0 


»> 


99 


1-5 


» 


»» 


2-0 


»> 



1000 


2000 


3000 


234000 
332000 


166000 
234000 
287000 


135000 
192000 
234000 
270000 



4000 



117000 
166000 
203000 
234000 



Diameter of Pipe 36 inches. 



Length in yards 



0^ / 



^ / with 1*0 inch pressure 



99 



2-0 
25 






1000 


2000 


3000 


530000 

1 


372000 
456000 

\ 


303000 
372000 
428000 

\ 



4000 



265000 
322000 
372000 
416000 
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To apply tliese tables, let us suppose the maximum con- 
. sumption necessary for a town to be 25,000 feet per hour; the 
length of main from the works to a general divergence of the 
mains 1,500 yards ; and the maximum pressure one inch; 
then on reference we 'find a close approximation to the 
quantity, and that a 12-inch leading main would be neces- 
sary. 

The principal leading main having been decided on, in 
a similar manner approximations must be made of the 
various quantities likely to be required per hour in each 
distinct locality, and providing the mains accordingly, 
taking into due consideration the probabilities of improve- 
ment, or increase, in the various districts. 

It is of the utmost importance to have the main pipes 
sufficiently large ; many companies have lost considerably 
by the escapes of gas caused by the high pressure indis- 
pensable with small mains ; afterwards, when they were 
increased in size, the loss by escapes has been reduced mate- 
rially, and the company's profits increased in like propor- 
tion. Another inconvenience of smaU mains, is the very 
irregular pressure of the gas during the hours of full 
lighting. The first leading mains that were laid to supply 
London with gas were 3 inches in diameter, now from the 
Beckton works to London they are 48 inches in diameter. 

It is very important to have a good map, not only of the 
site of the works, but of the whole district to be supplied 
with gas ; on this map the course of aU mains should be 
laid down, and the position of aU syphons marked. 

In addition to a mere surface plan, a network of levels 
should be taken over the whole district, and the grades 
or inclinations of all the mains marked. The relative 
elevations of the whole district with reference to some 
fixed point near the gas-holder would be best shown by 
contour lines of equal heights drawn throughout the 
district. When the town is nearly aU on the same level, 
contour lines may be laid down at intervals of 2 ox ?> I'Si^*^ 
vertical height; but where the etreeil^ «Lt^ -^erj ^^^^^^ 
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intervals of 6 or 8 feet would be sufficient. The best rule 
for laying on the contours is, that they ought to be so 
frequent as to show by a mere inspection of the map the 
level of every part of the surface with reference to the 
fixed datum line. 

The admirable surveys of towns made under the directions 
of the officers of the corps of Royal Engineers, and plotted 
on a scale of 5 feet to 1 inch, are exceedingly weU adapted 
for the delineation of gas and water pipes. 

There are abundant examples of the mistakes made by 
gas companies for want of proper maps of their mains. 
We heard some years ago of a main being laid to 
supply a street, when by accident it was discovered that 
two other pipes were already laid, although no one knew 
of their eidstence. It has been asserted by a writer on 
this subject that in a street of half a mile in length not 
less than twelve syphons have been discovered on taking 
up the main, while one, or at most two, would have been 
sufficient to drain the main. Blunders of this kind are 
evidently occasioned by the want of maps to refer to, 
showing the works already executed, and which would 
have prevented the repeated errors. 

Generally the mains in small towns are laid in or near 
the centre of the road, but in large towns they are laid 
in the footway close to the houses, this plan being adopted 
in order to avoid the expense of long services, and for 
the general convenience of the public. 

Gas in its passage from the works carries with it a 
quantity of vapour of water, which depends principally on 
the temperature of the water in the tanks of the gas-holders. 
The vapour existing from this cause, in its transit through 
the pipes underground is condensed, and if no provision 
were made the water would eventually obstruct the pipes 
and stop the passage of the gas ; therefore water receivers 
(or syphonSy as generally, although improperly, called) are 
placed at certain intervals to collect the condensed liquor, 
which syphons should be as few as possible, consistent 



LEAKAGE IX MAINS. 291 

with the perfect drainage of the mains, in order to avoid 
unnecessary expense in placing them ; omnecessary labour 
in trying them ; and the probability of some of them being 
neglected. 

Of necessity the mains must always incline into these 
syphons, to enable the water to drain into them, which is 
afterwards pumped out when desirable. 

Much has often been said of the large quantity of gas 
condensed in its transit through the mains ; which is de- 
cidedly erroneous, for if the vast condensation existed which 
many pretend, it would be made apparent by the nature of 
the liquid deposited in the syphons. That this liquid arises 
from the condensation of vapours carried off with the gas, 
is made evident by the fact, that in simmier, when the 
production of gas is at the minimum, the condensation in 
the syphons is at the maximum, arising from the heat of 
the holder and the gas therein, which causes a large 
quantity of vapour to pass off into the mains. Therefore, 
with every confidence, we may say that the loss from 
condensation in mains, in the ordinary way of manufac- 
turing gas, is not appreciable ; but when gases are so 
produced that the hydrogen does not chemically combine 
with the carbon, or when they are subjected to severe 
cold, then the deposit of carbon by condensation is often 
very considerable. 

Leakage in mains is a continuous and serious source of 
loss to a company ; for this reason gas mains should never 
be laid with imdue haste ; the operation requires the utmost 
care, for on this greatly depends the success of the ejiterprise. 

An excellent plan to preserve pipes, and to prevent 
leakage to some extent, is to coat them when heated with 
pitch, or they should be painted inside and outside with 
thick tar, and no gas mains should be laid without this 
precaution. 

The position of the works in relation to the locality to 
be supplied, together with the size of the leading mains, 
must determine the pressure at which the gas should be 

2 
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delivered;' thus, a town and works being on the same 
level, if the mains are ample, the gas having a pressure 
of 1 inch to 1^ inch at the outlet of works should be suffi- 
cient for the supply of the whole district. 

Some extraordinary instances have occurred where, 
either by error or neoessiiy, the works have been situated 
at the highest part of the district ; when this happens the 
pressure must be increased very considerably, in order to 
supply the lower districts. When the works are situated 
very low, sometimes the gas may issue at an exhaust of 
i^ths or -^tliB of an inch, this being dependent on the 
position of the nearest light to be supplied. 

When mains are obstructed either by the deposit of 
naphthaline, or by water accumulated in consequence of 
not having drainage; a portion, or perhaps the whole, 
of the district is often without a proper supply of gas, 
occasioning the manager much annoyance and trouble. 
The way to discover the point of the main so obstructed 
is of the greatest simplicity. 

To detect where a stoppage exists in a main, recourse 
must be had to the pressure-gauge ; with this the pressure 
should be taken on the line of main when in full lightingy 
at various intervals of say 100 or 200 yards, commencing 
from the works. This may be done on the public lamps 
or on the premises of a consumer ; but it is imperative that 
no light be burned on the same service during the trial, as 
this would cause a variation from the true pressure* on the 
main, caused by the friction of the meter, or the gas pass- 
ing through the pipes. 

Following the line of main, and noting the pressure at 
each point where tried, if the decrease be very gradual, 
this will be due to the friction of the gas in passing ; and 
should the pressure further gradually decrease imtil in- 
sufficient for supplying the lights, then the main is too 
small for the quantity of gas delivered. 

But ishould the decrease of pressure between one point 
and another, say in a distanco oi \QQ -jat^^la^ audden and 
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excessive, say a difference of three or four tenths, then it 
may be concluded that an obstruction eidsts between these 
two places. This ascertained, perhaps it may be necessary 
to fix air-pipes, which are simply i^-inch or J-inch short 
pieces, screwed into the main, closed by a plug or cap, and 
placed at various points where the stoppage is suspected, 
with a block over them. During full lighting the pressure 
is again tested on the air-pipes, when the stoppage will be 
detected within a few yards. The remedy then is to cut 
the majm, and remove the naphthaline, if that should be 
the cause ; or should the stoppage arise from an accumula- 
tion of water, the main must either be relaid or a syphon 
placed. 

Some curious stoppages have existed in gas mains ; for 
several years a basket of tools remained in a pipe, and 
was only discovered by the impediment offered to the 
passage of the gas when the main was worked to its full 
power. On another occasion a wooden plug was found ; 
and within our knowledge a pipe was obstructed by a 
quantity of coaJ, which arose from the pipes and coal form- 
ing the same cargo being stowed together, and at the 
time of placing it, the main layer neglected to see that the 
pipe was clear. 

On the Continent, generally, there is a main-tap on the 
exterior of premises attached to the service supplying, for 
the purpose of shutting off the gas when desirable. These 
taps were also formerly used for turning on and off the 
supply daily to contract consumers : at sunset a workman 
of the company turned the gas on to each house, and again 
went his rounds at the various hours, according to the 
respective contracts, to shut it off. By these means such 
serious loss as was incurred at one time by gas companies 
in England, where the supply was kept on continuously, 
was prevented. 

The following is an abstract from a more comprehensive 
table by Mr. Newbigging of the cost of mains, ^l!dsi?ft.^?r^ 
be found of great utility to all mauagenc^ wA ca^\i<5^^ts»\ — 






larrso. ffs^o s=^= ^wrs^ srSaSS^a ^s-ffmsrr^s 
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All mains should be drilled, and not cut with the gouge, 
which, even in the best of hands, is but a very imperfect 
method. Apparatus are manufactured which permits of 
the operation being effected with the loss of only an inap- 
preciable quantity of gas, which apparatus, under some 
conditions, as in confined localities, is absolutely indis- 
pensable; indeed, we think that it should always be 
applied when drilling a charged main, as the saving of 
gas effected would speedily pay the expense of purchasing 
the machine. The price of this drilling apparatus made 
by Cort and Son for three sizes of pipes, including drills 
and taps complete, is about £9, which admits of their 
employment in works of very limited capital. 



Seevices. 

The services to the houses and lamps in the United 
Kingdom, as well as in many other places, are of wrought- 
iron pipe. But on the Continent lead services are ex- 
tensively employed. A great advantage possessed by 
the former is its rigidity, remaining straight, without 
any undulations ; but, on the other hand, in some soils, 
if the iron is not properly protected, it speedily decays, 
when in the event of its being subjected to the slightest 
disturbance a serious leakage of gas is the result. There 
are, however, various ways of preserving iron services, if 
gas companies would only take the trouble and incur the 
limited expense it entails. One of these systems is to 
prepare a rude angular trough formed by two pieces of 
board, each about twcfinches in width, and nailed together, 
which is placed immediately beneath and almost touches 
the service when laid ; the trough is then filled with hot 
pitch and sand so as to cover the pipe, which effected, the 
iron may be said to be everlasting. 

There are certain soils which are alike destructive t<s 
lead and iron, but they cannot "poaEi^JV"^ V«:^'b ws:^ ^'&«^'^ 
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on pipes inclosed in pitch as described ; that system can 
therefore be strongly recommended. 

Another method consists in painting the pipes before 
laying them with hot pitch, which system, however, is 
not equal to that mentioned. There is reason to belieye 
that Professor Barff's and Mr. George Bower's system for 
preserving iron will be extensively applied to wrought-iron 
pipes, when neither of these preventive measures will be 
necessary. 

Here we may observe that the most important improve- 
ment made in modem times in connection with the 
manufacture of iron is that for its preservation against 
atmospherical influences, patented by the gentlemen just 
mentioned ; and as Mr. Bower's system is the simplest we 
proceed to describe it. The iron to be operated upon is 
placed in a chamber or retort, which is kept at a tempera- 
ture of about 1,200° Fah. The chamber being hermetically 
closed, a limited supply of air is allowed to enter, when 
the iron gradually absorbs its oxygen, and at the end 
of five or six hours it acquires a coat of black oxide, 
which arrests any further oxidation. The author has had 
a sample of iron so prepared exposed to every change of 
the weather during nearly two years, and on which there 
is not the slightest trace of oxidation in the ordinary sense 
of the term ; thus proving beyond all doubt the preserva- 
tive power of the process, and points to the desirability of 
its employment in all the various parts of a gas-works, as 
well as in the mains and services. 

When lead services are employed they require to be sup- 
ported by wooden battens during their whole length under- 
ground ; or in the absence of this, on the loose soft ground 
settling, recesses will be formed, leaving places in the pipe 
for the water to collect, which may either impede the pas- 
sage of the gas altogether, or cause very disagreeable 
oscillations of the lights. 

But however weU services may be laid, it frequently 
occurs that in the course of time they become obstructed by 
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naphthaline, when in order to remove this the air-pump or 
service cleaner must be employed. This apparatus consists 
of an air-pump with a receiver, on which is a stop-cock, and 
is provided with two lugs at its base. When in operation the 
service cleaner is connected with the obstructed service by 
means of an india-rubber flexible pipe ; the workman 
then stands on the two lugs, and by means of the pump 
compresses a quantity of air into the receiver, which effected, 
he suddenly opens the stop-cock, when by the force of the 
compressed air the obstruction is removed from the service. 

Various opinions exist concerning the formation of that 
troublesome compound naphthaline, but our experience is 
that wherever 7 or 10 per cent, of cannel coal is used with 
caking coal, naphthaline is not found in the mains or 
services, nor under these conditions have we ever met with 
it in a works. 

Sometimes galvanized iron pipes are used for services, 
which no doubt are admirably suited for work above 
ground, but in some soils the zinc is very rapidly destroyed, 
and for this reason they should not be used. 

Services like the mains are required to be laid with a 
slight incline to the main, or, where the level of the ground 
prevents this, one or more bottle syphons, which are made 
of the capacity of one pint and upwards, with X piece for 
connecting to its corresponding service, should be placed. 

The following list taken from Eichards' Treatise gives the 
diameter of service pipes for supplying a given number of 
lights with a pressure of Aths in the main, each light con- 
suming five feet per hour, together with the quantity of 
gas the service is capable of delivering per hour, supposing 
this to be open at the end. 
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CHAPTER XVn. 

COKSUMERSr METEB8. 

The Heter first invenied by Clegg — ^Halam's ImproTeinents — Om- 
greve's Meter— Wet Meter deKribed — ^Varioiw ImpToyements — 
Warner and Cowan's Meter — Gontmgendes of the Wet Meter — 
The Motive Power Meter— The Bry Meter — ContingencieB of the 
Dry Meter. 

At a very early period of gas-liglitingy the meter became 
an object of great importance, both to the manufacturers 
and consimiers of gas, in order to possess the means of 
determining the consumption, so that a proper adjustment 
of charges might be made. The system of charging the 
consumer an annual rent for a certain number of burners, 
on the supposition that they consumed a given quantity per 
hour, and were used daily for a certain number of hours, 
was found to be exceedingly vague and unsatisfactoiy. 
Besides it obviously afforded the means of much fraud, 
and gas companies were necessarily obliged to leave an 
ample margin to cover the contingencies of dishonest burn- 
ing ; thus the conscientious consumer was charged heavily 
to make up for the delinquencies of a large class who were 
less scruptdous. 

The merit and honour of having invented and constructed 

the first gas-meter is due to the late Samuel Clegg, who in 

1815 patented "a gauge or rotative gas-meter.'* This 

instrument, although very ingenious, was far from being a 

practical maxibxTLQi it afteTwaidB'vm.^^T^eo^.'^wcloua modi- 



malam's meter. 299 

fications, but never attained that degree of perfection 
essential for its general adoption. 

In 1816 the firm of Clegg and Crosley was established to 
mannfactnre meters in accordance with the patent men- 
tioned, but so imperfect was their action, that a regulator 
was attached in conjunction with each instrument to coun- 
teract the oscillation of the lights. 

The following year the very ingenious John Malam in- 
vented another description of instrument for measuring gas, 
which undoubtedly led to the construction of the meter since 
so imiversally employed and so justly appreciated. How- 
ever, Malam, from some unaccountable cause, never patented 
his invention, and as early as 1818 Clegg and Crosley aban- 
doned their mode of constructing meters for that invented 
by the first-named gentleman. On the occasion of his meter 
being presented by Malam to the notice of the Society of 
Arts, Clegg asserted that it had been copied from him. 
This serious charge was investigated by a committee of 
the society, who ultimately, after great deliberation, gave 
their verdict in favour of Malam, by awarding him their 
gold medal for his '* invention of a gas-meter, new, in- 
genious, superior to all others, and likely to be of great 
benefit to the public." The extraordinary originality of 
invention since displayed by Malam has confirmed the de- 
cision of the Society of Arts, whilst an admission has been 
made, in the Treatise on Coal Gas written by the son of 
Clegg, under the sanction of his father, that Malam intro- 
duced the ** hollow cover," so removing all doubt on the 
matter. 

Among the first instruments proposed for the indication 
of the quantity of gas passing, was that invented by Sir 
William Congreve ; which consisted of a kind of timepiece 
attached to the main tap, so that, in the act of turning this 
on, a pendulum was set in motion, which marked on the 
dial the time, the tap was open ; and when the supply was 
shut off, the pendulum was stopped. By these measj^s* -'Cc^^ 
number of hours the gas had beeii"b\\im'a^^^^ ^^^^-^^jsjs^'^^ 
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in a tolerably accurate manner^ but, of course, even an 
approximation to the quantity consumed could not be 
arrived at. However, it was far superior to the general 
system of contract, where the g^s was left entirely at the 
mercy of the consumer. 

These instruments, at one period, were much used in 
France, the accounts being made out according to the 
number of hours indicated by the instrument, multiplied 
by the nimiber of lights on the premises, and were called 
compteura d Pheure, or hour meters. 

In Continental works during many years after the intro- 
duction of gas, a much greater surveillance was observed 
as regards the consimiption of gas, than in the United 
Kingdom, where it was left continually on the premises 
of the consumers, which of course was subject to continual 
abuse and loss to the company ; whereas on the Continent 
the gas was turned off from each house at the hour con- 
tracted for, and turned on again at sunset. 

There are two kinds of gas-meters now in use, the 
*'wet" and the ** dry" meter. The former is so called be- 
cause it requires a quantiiy of water, to render it effective; 
the latter derives its name from the absence of such liquid, 
it being complete in itself. 

Each description of instrument has its advocates; for 
whilst some gas companies countenance only the wet, 
others will use but the dry meter. Whilst engineers 
greatly interested in gas companies prefer the one, there 
are others similarly situated who have directly the opposite 
opinion ; therefore, with those different views, it cannot be 
expected that a definite opmion of their respective merits 
will be given here : nevertheless, the progress made by the 
dry meter during the last thirty-four years must be ad- 
mitted as a strong argument in its favour. However, in 
our opinion the wet meter is better calculated to insure 
the interests of a gas company, whilst the dry meter offers 
several advantages to the consumer. 

Hie measurement of gas by m,eter is as simple and as 
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positive as the measurement of liquids by the most ordinary 
operation ; and the volume of the first is capable of being 
ascertained by the meter with the same precision that 
liquids are defined by quarts and gallons. There is, how- 
ever, a very important difference, inasmuch as with liquids, 
when ordinarily measured, any interruption in the delivery 
is not material, but with gas the flow must be exact and 
continuous. The slightest obstruction in the instrument 
would cause a disagreeable interruption in the supply of 
gas; consequently the lights would vary, or perhaps be 
altogether extinguished. Therefore, in addition to measur- 
ing, the meter must be self-acting ; and, in order that the 
supply of gas may be continuous and perfectly uniform, it 
is remarkably delicate in its construction. 

The wet gas-meter may be described as simply consisting 
of four peculiarly formed gas-holders, each of which repre- 
sents the fourth part of a cylinder ; these are all attached 
to a shaft, with which they revolve. These g«U8-holders, 
with their shaft, are placed in a closed tank or outer case, 
supplied to a certain height with water, and as they revolve 
each of them is filled with gas in rotation, which gas is 
expelled by the action of the holder or chamber succeeding 
it ; or, in other terms, each chamber on being filled with 
gas, causes the preceding chamber to be immersed in the 
water, and the gas to be expelled therefrom to the burners. 

The annexed figure represents a section of the measuring 
part of a wet gas-meter ; mmmmis the outer case ; k k k k 
is the revolving measuring wheel attached to its axle a, 
which works in suitable bearings, as shown in Fig. 54. 
The wheel is divided by the partition plates, pppp, which 
are slightly inclined, so as to offer little resistance to the 
water, into four distinct measuring compartments, or as 
termed four gas-holders, as Nos. 1, 2, 3, and 4. The wheel 
is immersed in water, contained in the case, to some 
distance above the centre, as shown by the dotted lines, 
and by a very ingenious contrivance the gas always entera 
the vessels in succession at the Bid© "b, Sh ^^ ^qpd^ ^^ *^^ 
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wlieel, and by its force preaees between the eurface of Hie 
water and the side of the partition pp, as in the case of 
the gas-holder already described. Thiie by these means 
the TesaeLs are filled iritb gas in Bucceaaion, when the 
wheel revolves in the dJlrection of the atrowe, and the gas 
is expelled simultaneooBly from the vessels at the side o, 




at the back of the wheel. This action continues so long as 
the gfts passes ; and on each chamber amving at the 
centre, as occupied by that numbered 1, it is then filled 
with gas, and in that position both its inlet and outlet are 
sealed by the water ; but as the wheel revolves, tiie outlet 
oi ihtA chamber becomes nnsealed, when the gas issues to 
ibe bnmeie. Hence the capanntj oi ona tovobition of the 
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wheel being known, it is evident that by simple mechanical 
means the quantity passing can be recorded on the dial or 
index of the meter, with imerring exactitude. 

The measuring wheels of gas-meters are of course made 
with great accuracy, and vary in size according to the 
number of lights they are destined to supply. Their 
capacity is generally so calculated that when the maximum 
of lights is burning, each light consuming at the rate of 
6 feet per hour, the wheel will make 120 revolutions per 
hour. Thus a meter for ten lights is estimated to deliver 
60 feet per hour ; therefore, the contents of each revolution 
of the wheel is equal to half a cubic foot, and it follows 
that this would have to be filled and emptied, or revolve, 
two hundred times before 100 feet would be indicated on 
the dial of the index. Hence by these means, when certain 
precautions are observed, the meter registers with unerring 
exactitude during many years, until rendered useless from 
decay. 

The train of wheel- work giving motion to the hands on 
the dials is very simple, as each pinion works into a wheel 
which contains ten times as many teeth as itself. The 
ordinary index registers hundreds, thousands, and tens of 
thousands, while the units of feet are indicated on a re- 
volving cylinder within the index-box of the meter. 

Fig. 55 is a cross section of a meter. ^ ^ is the wheel or 
drum enclosed in the case, and supported by its axle work- 
ing in suitable bearings. There is a rectangular box 
attached to the front of case ; in which is a pipe, I, for the 
admission of the gas, the passage of which is indicated by 
the arrows ; the egress pipe is marked i ; and the meter is 
charged with water to the line h h. 

In the front part of the wheel is a hollow disc with an 
orifice in its centre, through which passes the bent pipe ?, 
but without either touching the disc or the axle. The 
orifice is sealed by the water. Thus the gas, on entering 
through the inlet a, passes into the square box, and thence 
by the bent pipe into the hollow disc, wdA. ^o\s^ ^Qs^^^syoix 



t304 



CONSUMERS METERS. 



measuring chambers of the wheel in succession, the outlets 
of which are on the opposite side. Thus the disc separates 
the inlets of the chambers from the outlets. 

Fig. 56 is a front view, showing the details of the con- 
tents of square box. / is a float similar to that ujsed in 
water cisterns. On the top of this is attached a valve con- 
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nected with a lever ; and when there is an insufficiency of 
water in the meter, the float descends, closes the valve, and 
so obstructs the passage of the gas until the proper quan- 
tity of water is supplied. The pipe c, through which the 
gas passes, is level with the water-line, and any excess of 
water £owb down this into the waste-box, e?, from whence 
A can be Tvithdrawn from the "j^ipe e\r3 \k^ %^t^^. 
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Meters, wlien worked beyond a certain speed, require 
an increased pressure to drive them. Under these cir- 
cumstances they indicate slightly against the company, 
and have a tendency to inconvenience the consumer by 
suddenly extinguishing the lights, through the float falling 
and shutting the valve ; therefore a meter ought never to 
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Fig. 66. 

supply much more gas than the quantity for which it is 
destined. The number of burners furnished by a meter is 
not essential ; but the quantity of gas which passes : thus, 
a meter for 10 lights, or 60 feet per hour, will be able to 
deliver gas for 20 burners, each consuming 2 feet per 
hour, or any number in the same proportion, and^ e«» 
shown, only indicates the volume oi fti© ^aa "^a^^^^. 
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On referring to Fig. 54 it will be observed that the 
part of the measuring yessel nearest the axle is defined 
by the height of the liquid; therefore by the addition 
of water the capacity of each of the chambers in rotation 
must be diminished, or by abstracting the water it 
would be increased. The first contingency being detri- 
mental to the interests of the consumer, the latter to the 
prejudice of the company; and if no remedy existed to 
avoid these evils, the gas-meter would be a very imperfect 
instrument. 

In order to prevent the gas passing when there is an 
insufficiency of water, the meter is provided with the float 
already described, which shuts off the supply whenever the 
water is below its proper level, thus protecting the interest 
of the company ; and any excess of water, which would be 
detrimental to the consimier, falls down the pipe c into the 
waste-box d, and should it not be withdrawn, in time the 
supply will be stopped. By these simple means the in- 
terests of both buyer and seller are secured. 

Formerly the degree of accuracy now attained in insuring 
the proper water level, and the rigidly correct registration 
of the meter, wcus not considered. Meters at one time 
were made in such a manner that, although correct at 
the proper water line, they could be caused to vary mate- 
rially either against the company or consumer, by the 
subtraction or addition of water; but as the instrument 
was in the custody of the latter, he was always in the 
position to prevent an excess of water remaining in the 
meter, and, if so disposed, he cotdd take advantage of the 
facilities afforded to abstract it. 

A few years ago the attention of the public was called to 
this defect in the gas-meter, and, the worst intentions being 
assimied, considerable agitation existed on the subject, 
when the intervention of Government became necessary; 
and, accordingly, an Act of Parliament was passed, for- 
bidding the sale of all meters which by any means could 
be made to vary more than two ox ^Jmc^q ^qt ^«G.t, from the 
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correct standard, whidi range was allowed for a certain 
amount of evaporation of crater from the meter. 

Subeequently some manufacturers surposBed the parlia- 
mentary couditiouB, by making gaa-metere even more per- 
fect than the Act required, by constructing them to maintain 
an unvarying water line, bo aB to measure strictly accurate. 
These iuBtrumente are called compensating meters, signify- 
ing that they compensate for any loss of water that may 
take place. Fig. 57 ib a front view of a meter of Uiis class, 




aa manufactured by the firm of A. Wright & Co., "West- 
minster. In the front part of the square box there is a 
separate reservoir containing water to supply any deficiency 
in the meter ; and alt excess passes to this reservoir. The 
supply is effected by the shaft of the toothed wheel, in 
revolving, giving motion to tlie scoop a, which lifts a 
quantity of water from the reservoir, and conveys it to the 
interior of the meter, thus maintaining the surface of the 
water continually at the same level, and, in coMiWiasstiR», 
the measurement is strictly (xtnvA. 
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Another meauB of attaining the same result is by the 
beautiful invention of Messrs. Sanders and Donoran, 
which is remarkable for its simplicity and ingenuity, and 
based on truly scientific principles. 

Fig. 58 represents a meter with this improvement, b is 
tibe outer case on which is fixed a circular case, replacing 







the square box already mentioned a is an air tight 
vessel, m reahty a float fixed on an axle x working freely 
in its beanng a so that it can make nearly haU a revolu- 
tion. When there is an insufficiency of water the float 
hangs in the position shown by the dotted lines and the 

piug i doses the valve attached to box c and impedes the 

euppljoigOB. 
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But on the meter having a proper supply of water, the 
float slightly changes its position and opens the valve for 
the passage of the gas ; when, if more water be added to 
allow for evaporation, the float gradually rises until 
aBBumiug the position in cut, the level of the liquid in the 
meter always remaining without the least variation. 

In the course o£ time, any evaporation that may take 
place is compensated by the float descending in the direction 
of the arrow, when by means of its bulk the level of the 
water is maintained at the same height, and on the float 
being no longer effective the passage of the gas is closed. 

The action of this compensator is a combination of 




fig GJ 



several principles of mechanics, and accomplishea the de- 
sired effect without the aid of any motive power from the 
meter. 

Meters axe also constructed, where the measuring drum 
is caused to float, and it has been proposed to float the 
entire meter and case in a separate vessel, but this has not 
come into use. 

Innumerable patents have been obtained at various 
times for improvements in the wet meter, and of these the 
most important is unquestionably the invention of Meaars. 
Warner and Cowan, by which the instrument is practically 
correct in its measurement under all the chs:&%««, •di-^^&Kt 
level to which it may be subjected. T^na iiCTOT&Bi- cRio»*» 
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in altering the ordinary meter wheel a a in such a manner 
as to place within it a much smaller wheel, h, as shown in 
elevation, Fig. 59, and also in side view, Fig. 60. 

The smaller wheel has its partitions placed in the oppo- 
site direction to those of the larger wheel. Thus in re- 
volving the smaller wheel acts as an exhauster, and con- 
tinually expels a quantity of gas as it issues from the 
outlets of the larger wheel back to the hollow cover to be 
again measured. Hence on observing the drawing.it is 
obvious that in proportion as the water level descends, by 
which the chambers of the larger wheel are augmented in 
succession ; the chambers of the smaller wheel at the same 
time are increased in capacity; when the excess of gas 
delivered by the larger wheel beyond the true quantity, is 
returned by the smaller wheel to the hollow cover to be 
again measured. By these simple means practically correct 
measure is assured under all the variations of the water 
line, which permits of a large range for the float, and 
avoids the chances of extinction by no means uncommon 
with other meters ; particularly those of small capacity ; 
and which is effected without any auxiliary beyond the 
^heel of the meter. 

To avoid as much as possible the loss by leakage, it is 
always the interest of gas companies to have the pressure 
in the mains as low as possible, consistent with an efficient 
supply to their consumers; and in small towns, where 
there is no consumption during the day, a pressure of one- 
tenth, in the lowest part of the district, will be sufficient to 
keep the air from entering. But there are cases where, in 
order to supply one or two consumers, the pressure has to 
be kept on continuously, which occasions great loss of gas 
by leakage. This evil is avoided by attaching a motive 
power meter, hereafter described, to the premises requir- 
ing gas, when, if the pressure in the main be only one- 
tenth, by this instrument it can be increased so as to give 
an abundant supply where necessary. 
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oontingenoibs attending the usb op the oonsumbes' 

Wet Metee. 

When there is an inBufficient quantity of water in the 
meter, the float f alls, closes the valye, and stops the pas- 
sage of the gas, sometimes suddenly putting premises in 
total darkness. 

Should there be an excess of water, it overflows into the 
bottom box, and eventually obstructs the bent pipe I (Fig. 
55), when the supply of gas also ceases. Therefore, in the 
event of an extinction, the flrst step to adopt is to remove the 
plug of the bottom box and allow the water to flow ; should 
the gas then not pass, water should be poured into the 
meter until it flows from that plug ; and on this ceasing 
the lighting may be renewed. 

Sometimes, when the meter is in an exposed locality, in 
the depth of winter, the water within it freezes, and the 
passage of gas is obstructed. Under these circumstances, 
a quantiiy of boiling water should be poured into it by the 
side plug h (Fig. 56), and at the end of a quarter of an hour 
the surplus water should be withdrawn by the bottom plug, 
when the evil will be remedied. In cast-iron cased meters, 
by adding a little salt, to the water, the freezing is pre- 
vented. This, however, should not be used with tinned- 
plate cases, as they are rapidly destroyed by the salt. 

When a meter is inclined at the base to the left, it 
registers very slightly in favour of the consimier. If 
placed in the opposite direction, or tilted backwards, as 
water is required to be added to keep the float open, it 
registers against him. But when the meter is tilted for- 
ward, often even at a very slight angle, and on allowing 
the water to flow from the bottom plug, the ffos passes with- 
out being measured and the meter is rendered quite ineffective. 
There are some unscrupulous gas fitters who make a point 
of instructing consumers respecting this method of defraiid.- 
ing gas companies, therefore it is oiil^ ^^?fcc^JN3Vft *vJa»5^ ^^ 
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connected with the manufacture and distribution of gas 
should be made acquainted with this, the greatest defect of 
the wet meter. 

The Motive Power Meter. 

The motive power meter in construction, is almost iden- 
tical with the ordinary consimiers' meter. The difPerence 
between them consists in one point only, for whereas the 
latter derives its force or power of action from the passing 
gas; the motive power meter, on the contrary, possesses 
a power in itself, which is communicated to it by a weight 
connected by a cord to the shaft of the wheeL 

As usually made, the shaft of the wheel of the motive 
power meter protrudes a short distance through a stuffing- 
box, beyond the back of the case. In the simplest form of 
this apparatus, a wide pulley is connected to the shaft by 
means of a ratchet, and round the pulley is wound a cord, 
which passes over a roller situated at a convenient height, 
and to the other end of the cord is suspended a weight. 
Thus, in proportion to the weight, and the size of the pulley, 
and the meter wheel, so will be the pressure given, which 
is precisely similar in action to a common exhauster. The 
motor will be recognised as similar to that of an ordinary 
clock, for as the pulley is loose on the shaft, and is retained 
only by the ratchet, when raising the weight, it is lifted 
to the desired height without interfering with the meter. 
There are various modifications of this principle applied 
alike to giving extra pressure to the gas beyond that it 
receives from the works ; as well as for exhausting air, 
and expelling it through a vessel charged with the spirit 
of petroleum, and other hydro-carbonaceous compounds, 
by which light is obtained, similar in its nature to gas ; 
which is the subject of another chapter. 

The Dry Meter. 

This instrument has undoubtedly some important advan- 
tages / requiring no water iox i\a ^Uon, there is no pos- 
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sibiliiy of the passage of the gas being obstructed by 
frost, nor are the pipes liable to be stopped by the vapour 
of the water condensing in them. The dry meter does not, 
like the other, demand a periodical attention, either to 
add or abstract water, nor is there the probability of the 
lights being suddenly extinguished from an insufficiency 
of that liquid. 

Such was the prejudice existing against the use of dry 
meters about thirty-three years ago, that very few gas com- 
panies could be induced even to try them. It was feared 
that the flexible material entering into their composition 
would speedily decay, whereas experience has demonstrated 
that this, when properly prepared and arranged, is the 
most durable part of the instrument. The dry meter was 
then considered of such extreme delicacy of construction, 
that its durability must of necessity be very limited. How- 
ever, experience and time have gradually dispelled these 
notions, and that instrument has now become a formidable 
rival to the other. As a proof of their general adoption 
at the present day, it may be stated that several manu- 
facturers make only the dry meter, whilst every wet 
meter manufacturer in the United Kingdom, as well as 
most of those in America, construct dry meters. How- 
ever, in France — where to the present time the utility 
of the telescopic holder is ignored — ^the dry meter is not 
recognised. 

The first record of a dry meter is met with in the patent 
of John Malam, dated 1820, in which he adapted a series 
of bellows combined together to a common shaft, with a 
rotary valve in the centre ; the gas being expelled by the 
weight of the flaps of each bellows in succession. The 
plan, however, was not practicable, nor was it ever carried 
into effect. 

The principle of the dry meter will be best understood 
by referring to the action of the common bellows. When 
the upper leaf of this well-known domestic appliance is 
raised, an exhausting power is produ(iedm>iJcL<b\si5^^TVQ'^ ^'^ 

V 
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the bellows, which raises the yalye in the lower flap, and 
the air enters. But on the upper flap being depressedi 
the yalve is immediately closed, and the air is expelled 
through the nozzle of the bellows. If we now conceive the 
upper flap to be attached to dock-work, so as to register 
the nimiber of times in succession the bellows has been 
filled and emptied, it is eyident that if its capacity at each 
stroke were known, then we could obtain the means of 
measuring the air which has passed in, and out of the 
bellows. 

In the dry ineter, gas is measured by the alternate ex- 
pansion and contraction of chambers, each of which may 
very aptly be compared to the expanding and contracting 
of the bellows. These chambers are yaried in number 
and shape in different kinds of meters. For example, in 
the first dry meter made, there were two chambers separated 
by a flexible division, thus as the gas was received on one 
side a corresponding quantity was expelled from the other 
side of the flexible division. In Defries' dry meter, which 
at one period was the only one manufactured, but is now 
unknown, the vessel, or outer case, was divided into three 
distinct compartments, each of which was subdivided by a 
square flexible leather partition, strengthened by tin 
plates, forming, when distended, a square pyramid ; and 
by the action of the gas, these flexible partitions were 
distended first on one side of its vertical plane and then on 
the other, so receiving and expelling the gas ; the number 
of times the partitions were distended, or the quantify 
passed, being recorded on the dial. 

The dry meter now imiversaUy employed was invented 
by Mr. Bichards when in the service of the Chartered 
Company, and patented by him in 1844, in conjunction 
with Mr. Croll, who was then superintendent of the Brick 
Lane Station of that company. The particular points of 
the invention consisted, firstly, in so constructing the meter 
as to obtain a steady light from the two partitions or dia- 
phragms;, which had previously been attempted but never 
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accomplished. By ionuing each diaphragm of a large 
diBO, Burrouuded by a belt of leather so placed aa to be 
subjected to the mipimum of vear and tear ; &nd to this 
point undoubtedly the durability of the leather is entirely 
due. By employing the means of keeping the diecB 
alvaye in the same planea; and, lastly, by baring two 
BUde-valves in connection vith the two diaphragma. How 




ever, through hie unfortunate aesociation, the inventor of 
the meter, after htinging it to bear, and msldng uptcards 
of one thousand of them with an incredibly small capital, 
never derived any benefit from his invention. 

The meter in question as now constructed varies from 
that originally patented only in its outer case, and ia repre- 
sented in elevation with the front part glazed in Fig. 61. 
As usually made, the meter consists of a rectangular tin 
plate case a a, divided into an upper chamber c, which con- 
f2 
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tains the valyes and gearing for the ingress and egress of 
the gas to and from the measuring chambers, and two 
lower chambers, each of which has its corresponding 
" bellows," as it is sometimes called. 

Each of these beUows is formed by a large disc d, sup- 
ported and guided by the flag-piece s and the guide g g, 
which allow it to pass with freedom through the desired 
distance and keep it always in the same plane. A flexible 
leather band /, hermetically secured to the disc, as well as 
to a ring soldered to the central partition, completes the 
bellows as shown in eleyation in the drawing. The gas on 
entering one of these flexible chambers expels an equal 
quantity of gas &om the outer chamber to the burners, 
and when the disc passes through a certain distance, the 
position of the valve is changed. The action is then re- 
versed, when the gas enters the outer chamber and expels 
a like quantity from the interior of the ** bellows." 

There are two of these bellows, and consequently four 
measuring chambers, which receive and expel the gas con- 
tinually in succession ; a is the inlet, the gas after being 
measured passes off by the outlet b, and as already 
explained with the wet meter, the capacity of the measur- 
ing vessels being known, the number of times they have 
been filled and emptied, or the quantity consumed, is com- 
municated to the index, k, by means of wheel-work. 

The action of the metallic discs in this meter has been 
compared to that of the piston in a steam-engine ; and 
there is certainly a considerable analogy if the comparison 
be made with the horizontal cylinders of a locomotive 
engine, in which the motion of the pistons is precisely the 
same as that of the discs in this kind of meter. 

A common defect with the dry meter is, that although 
it may measure correctly with a certain supply, yet when 
this is much increased, should its valves be set to ** close 
late," tmder these circumstances the meter will indicate 
agaiuBt the company, and the variation is often very 
considerable. 
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BURNERS AND GLASSES. 

Eflfect of Burning Gas— The Diflferent Kinds of Burners— The Argand 
— The Batwing — The Fishtail — Effects of Excessive Pressure 
on Burners — Variation in the Degree of light evolved from 
Argands — Adamas, Steatite, and Enamel Burners — Glasses — 
Sugg's Burner — ^Witham's Burner — The Eegulator. 

When coal gas is ignited as it issues from a burner or 
orifice, its hydrogen is consumed at the lower part, pro- 
ducing the blue flame characteristic of it, and the carbon 
being suflGlciently heated, if properly consumed, is liberated 
in a solid state at the upper part of the flame, where it 
combines with the oxygen of the atmosphere, again there- 
with resuming the state of gas as carbonic acid; and 
according to the degree of heat attained by the innumerable 
particles of carbon, so will be the amount of light emitted 
by the gas. 

Whenever the flame of gas is imduly cooled, or when 
the gas is intermixed with a portion of atmospheric air, or 
when it issues from the burners under great pressure, or 
when the passages for the gas are obstructed, the light 
evolved from a given quantity is very materially reduced, 
and when either of these contingencies is carried to an 
extreme, no material light is obtained from gas. To all of 
which points we shall have occasion to refer hereafter. 

It is almost needless to say that the points from which 
the gas issues at the instant of ignition, are tenaaft^ <JsvSk 
burners. These generally employeSi lot ^«j^-^^d&£^^ ^^'^ 
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the argand, tlie fishtail, and the batwing, and under cer- 
tain conditions the single jet is used. The argand takes 
its name from the inventor, a Frenchman, who, towards 
the dose of the last century, introduced a most important 
improvement in lamps, by causing the wicks to be made in 
a circular form, with an orifice for the admission of air at 
the centre, and surrounded by a glass chimney. By these 
means a current of air was caused to pass and impinge on 
the interior and exterior of the flame, which insured a 
more perfect combustion of the oil, whilst the flame and 
light could be augmented to a very considerable extent. 

The argand burner was applied in the earliest days of 
gas-lighting. In the first instance it was constructed in 
imitation of the oil lamp burner, by having a narrow ring 
or space for the emission of the gas, but subsequently it 
was formed, as now employed, by an annular plate on the 
top, pierced with a number of holes, through which the 
gas issued at the point of ignition; but as we will be 
enabled to explain hereafter little was practised for many 
years to produce an economical and effective argand burner. 
The other burner then used was the cockspur, which was 
formed by three single jets placed at right angles to each 
other, but this, on account of its inferiority, has long 
fallen into disuse. The batwing burner is formed by 
a slot across a nib, and by its pressure the gas in its 
passage on ignition, assumes the form of a flat sheet 
of flame. The union jet or fishtail has a flame some- 
what similar to the last-mentioned, which, however, is 
obtained in a different way. To explain the action of this 
burner, if we suppose two single jet burners connected by 
flexible piping, and to be brought in close contact with 
each other at a certain angle, the two jets on impinging 
against each other, produce a flat flame somewhat resem- 
bling in form the tail of a fish, whence its name. How- 
ever, by the action of the two jets imiting it is also called 
the ** union jet ; " and from the fact of its being first pro- 
duced in Scotland it is also named the ** Scotch burner,'* and 
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finally we have known it to be designated the " Manchester 
burner," but for what reason we cannot say. 

In the fishtail burner two holes are drilled at a certain 
angle, from which the gas issues, and as the fiames 
impinge against each other, the flat flame is produced at 
right angles to the line of the orifices. 

The single jet is formed by the gas issuing from a very 
small orifice, which, however, for the quantity of light 
yielded from any given quantity of gas, is very expensive ; 
for this reason it is almost abandoned for the purpose of 
lighting, but is applied under certain conditions where a 
small flame is required. 

Although scientific men directed their attention to the 
construction of burners some few years after the establish- 
ment of gas, and entered very minutely into the theory of 
combustion, and laid down some most valuable rules con- 
cerning the best form of burners, this information during 
many years was entirely disregarded. And we are led to 
the conclusion that the errors committed in the construc- 
tion of burners demonstrate that the opinion existing at 
one time, was, that no matter how the gas might be burnt, 
no matter the size or number of the orifices of the burner, 
that from a certain quantity of gas a given quantity of 
light would always be evolved. However, this idea is en- 
tirely erroneous, as gas maybe consumed in such a manner 
as to give its maximum degree of light, or to yield no light 
whatever. 

In order to make these assertions evident, if we employ 
gas of such a quality, that with an argand burner, con- 
suming say 6 feet per hour, the light of 20 candles is 
evolved, which we may assume to be the maximum amount 
of light to be derived from it. But if the same quantity 
and quality of gas be consumed in a Bimsen or atmosphere 
burner, by which means a quantity of air is intermixed 
with the gas, then a blue flame is produced, but practically 
devoid of light. The same effect is obtained by having an 
argand or other burner with very small orifices demanding 
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a conBiderable degree of pressure to supply the gas, vrhen 
under either of these conditions no light is evolved by the 
gas. The difference between the two being, that in the 
first case the air is caused to combine with the gas before 
ignition, and in the latter case it combines during ignition. 
Or as generally believed, the surrounding air cools the flame 
and prevents it attaining the high degree of temperature 
essential to produce the full amount of light. 

As the pressure of the gas at the point of emission 
beyond a certain degree increases, so does the amount of 
light evolved from any given quantity of gas decrease. 
Thus if an argand be so made that 5 feet of gas per hour 
will issue at a pressure of one-tenth of an inch or less ; 
then the light of, say, 14 candles will be obtained. If, 
however, we employ exactly the same form of burner and 
chinmey but diminish the size of the orifices to that degree 
that six-tenths of an inch pressure will be necessary to 
expel the 5 feet of gas, then, instead of getting the light of 
14 candles, we get only that of 7 candles, and by further 
diminishing the orifices and increasing the pressure to a 
certain degree, no light is yielded by the gas. 

!From the preceding we acquire the knowledge of oAe of 
the elements essential to the construction of all burners, 
that is, to avoid excessive pressure at the point of issue. 
But with the argand there are other considerations such as 
the areas of the centre, and the annular orifices for supply- 
ing the air ; the height of the chimney ; also the regularity 
in the dimensions of the holes in the burner ; aU of which 
influence materially the light evolved from a given quantiiy 
of gas. 

Again, if the flame of an argand burner be very irre- 
gular and rugged in appearance, a large amount of the 
available light that could be derived from the gas is lost. 
Lastly, with the best constructed argand, if the proper 
chimney be replaced by another materially longer, a strong 
current is created, when the flame is cooled and the degree 
of light emitted by the gas diminished. 
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From the preceding we learn the care to be observed 
in the formation and the use of the argand burner ; that 
according to its construction and the manner it is employed 
so will be the amount of light evolved from any given 
quantity of gas ; or in other language, when the quantity 
of light evolved is considered, the cost of the gas will 
depend, in a great degree, on the description of burner em- 
ployed. 

We may briefly describe a good argand flame, as one 
that is of uniform height throughout, without any marked 
trace of the numerous jets which compose it ; that is, the 
flame should be one bright mass, except at the bottom, 
where there wiU always exist a blue ring ; and no matter 
the quality of the gas consumed, these are the requirements 
of a flame from a good burner, and from which the gas should 
issue at a pressure not exceeding two-tenths of an inch. 
Hence we learn that with poor gas, the orifices of the 
burners must be larger or more numerous than would be 
required for rich gas, in order that the jets may combine 
together. 

Argands are generally made to consume five feet of gas 
per hour, and they only give the full amoimt of light the 
gas is capable of evolving, when burning the maximum 
quantity for which each burner is made. Moreover the 
light diminishes materially in proportion as the quantity 
of gas is reduced ; as shown in the following table of the 
light evolved from an argand under different consumption 
of gas. 

"When consuming 5 feet per hour, the light is equal to 12 candles. 
„ diminished to 3J „ „ 4*6 „ 

» » 2 J „ „ 1'2 „ 

»» »» li » » 0-2 „ 

» » 1 » u 02 „ 

It foUows therefore that, in order to obtain the maxi- 
mum amount of light from argand burners, the full 
quantity for which they are made should be consumed by 
them, and whenever it may be desirable to introduce 

p3 
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economy, it is better to have a limited number of burners 
of the larger dimensions, some of which may be extin- 
guished when desired, rather than have a number which 
are checked to only a portion of their full consimiption. 
The light from a given quantity of gas when consumed in 
the batwing or fishtail, does not vary in the same degree, 
when the flame is reduced, as the argand. Thus, if we 
suppose either of these burners to yield the light of ten 
candles when consuming Ave feet per hour, on reducing 
the supply of gas to 2^ feet the light of 2*5 candles will be 
evolved. 

With the batwing and fishtail burners there are not so 
many considerations to attain excellence, as with the 
argand. But both the burners in question demand a 
greater degree of pressure at the point of issue, which 
is about 1^ of an inch, for the proper development of the 
flame. When the pressure is less than this, the flame 
flags, becomes smoky and emits diminished light. If on the 
other hand, however, the pressure be excessive, then the gas 
passes off uselessly, and it may be increased to that degree 
that no light is yielded by the gas. As an illustration of 
this, let us take a batwing or fishtail burner, which is 
made to consume five feet per hour, at which point the gas 
produces its maximum amoimt of light ; now if seven feet 
per hour be forced through the burner, the light instead 
of being increased is actually decreased, and by further 
increasing the supply of gas considerably, a roaring flame 
is the result and practically devoid of light. These are all 
plain statements which any one can verify, and show the 
necessity for observing care in the choice of burners, as "w^ell 
as in the means of employing them. 

The agitation created by the recent display of the 
electric light induced gas companies to demonstrate that 
equally large volumes of light could be obtained with 
gas as with electricity. For this purpose Mr. Sugg very 
opportunely produced large argand burners, with three 
or four concentric rings oi "koVs^ lot ^^ ^xoaasLocL of the 
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gas. A special lamp was made for these burners, as 
represented in Fig. 62 : the upper part is of white opal 
glass, which prevents the light being diffused into the 
atmosphere above; it also serves as a reflector^ and 
throws the rays to the ground beneath. The largest 
of these burners consumes about 45 feet per hour, and 
yields the light of 200 candles. Their elegant appearance, 
together with the splendid light evolved, has caused 
these burners to be adopted to a very large extent in 
many towns and cities of the 
Kingdom. Very recently Mr. 
Sugg has changed the shape of 
the lantern to a spherical form, 
the upper part of which like that 
described is opal. By the altera- 
tion the flame is seen to greater 
advantage, and the lantern has a 
more elegant appearance. 

Another description of burner 
suitable for giving a large quan- 
tity of light is that invented by 
Mr. Witham, and consists of a 
number of small flshtail burners 
placed in concentric rings. At 
the lower part is a cone which 
admits the supply of air, and 
at the upper part immediately 
above the jets is a talc chimney, by which a current is 
formed. This is in reality an imitation of the concentric 
ring argand, and gives a splendid light equal to about 
four candles per cubic foot of ordinary sixteen-candle gas, 
and it is well adapted for large areas, such as docks, 
squares, very wide streets, or where several roads meet. 

Small burners, and particularly fishtail, are objectionable 
on account of the diminished light yielded by a given 
quantity of gas when they are employed. Ab. m^\aa^^^ ^ 
this recently came under our notice, ^"Nist:^ Vx^ ^ ^SassN^ 
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window fiye fishtail bmners of the smallest desciiptioii 
were used, no doubt with the view of economy. These 
were enclosed in glass moons, but the whole combined did 
not yield the light of one candle, whereas with a proper 
burner, the same gas would have given the light of six or 
eight candles. Under these circumstances the fault is fre> 
quently laid to the gas, and not to the means adopted for 
consuming it. 

Formerly, burners of aU descriptions were made of iron, 
but as this metal corrodes very rapidly, and by its corro- 
sion obstructs the passages for the gas, and diminishes the 
amount of light evolved — ^f or these reasons the iron burner 
is objectionable. 

Within the last tweniy years, other materials have been 
introduced to replace the iron burners, whether applied in 
the construction of the argand, or others. These are the 
'* Adamas" of Leoni and Co., the ** Steatite " of Sugg, and 
the " Enamel " of George Bray and Co. ; and with burners 
of these materials at our command, which neither corrode 
nor break, the orifices of which cannot be enlarged, 
together with their very moderate cost, the use of iron 
burners should be discarded by every gas company in the 
world ; for, as already stated, by the corrosion of the iron 
the passages for the gas become obstructed, and a con- 
siderable degree of light is lost, which evils are avoided by 
the burners mentioned. 

It is foreign to our purpose to recommend any article 
or firm, unless when there exists a marked superiority in 
the production, or process, or apparatus, and which can 
only be procured from any particular house ; under these 
circumstances we feel justified for the benefit of the gas 
profession at large in sometimes mentioning names. 

The batwing burner, on account of its flame extending 
in width under augmented pressure, is not suitable to be 
enclosed in a globe, but it is generally employed for the 
public lamps simply because it yields a greater degree of 
light for equal consumption of gas, than the fishtail. The 
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latter is very commonly used in dwellings, enclosed in 
globes, by which, however, the light evolved is diminished 
by two distinct causes, namely, the nature of the material 
composing the globe, and the dimensions of the orifice for 
the admittance of air at its base. 

The degree of obstruction of light with different kinds 
of globes, is represented by Mr. Wood of Hastings and 
others as follows : — 

light obstructed by a clear glass globe . . about 12 per cent. 
„ „ clear globe with slightly 

ground flowers . . „ 24 i, 
„ „ globes of about the usual 

pattern • • • ,,35 y, 

„ „ globes ground aU over . „ 40 „ 

„ „ opal globes . . . » 60 „ 

„ „ painted opal globes . „ 64 „ 

Hence from the preceding, we gather that with an 
ordinary clear glass globe nearly one-eighth part of the 
light is absorbed by the glass and lost. That when globes 
are ground all over, a loss of 40 per cent, of the light is 
sustained, and with opal globes such as are very generally 
used, no less than 60 per cent, of the available light is 
absorbed ; or in other language, if we imagine the price of 
gas to be 4s. per 1000 feet, and if the quantity of light 
obtained by opal globes is duly considered, then by their 
use the consumer voluntarily increases the price of his gas 
to 10s. per 1000 feet. 

The globes or moons for fishtail burners have the lower 
orifice about 2J inches, and the upper 4J- inches in 
diameter. The effect of this is, that a current of air is 
always rushing in at the bottom to replace the heated air, 
which is continually escaping from the interior of the globe. 
Consequently, this current impinges upon the flame and 
cools it in such a manner, that if four feet or six feet of gas 
issues from a burner enclosed in a globe of this description, 
no difference is observed in its flame, and by these simple 
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means frequently one-third of the gas consumed passes 
away in waste. 

As a partial remedy for this defect, the orifice in the 
bottom of the globe should be considerably increased, in 
fact it should approach the other in size, and if this system 
were generally adopted, the yield of light from burners 
would be most materially increased. 

However, a most essential point in the combustion of 
gas, whether in lighting (and particulcurly with argand 
burners), or for cooking, is to employ means to counteract 
the variable pressure at which the gas is delivered in the 
majority of places by the change in the pressure at the 
company's works. This is. accomplished by the use of 
the regulator already described, and whenever a proper 
instrument of this kind is employed, it must be attended 
with considerable economy, as by it the pressure is reduced 
to that degree most essential for obtaining the greatest 
amount of light from the gas. Wherever it is used, 
however the pressure may vary in the company's main, by 
the regulator it is always retained alike on the consumers' 
premises. 

Since the preceding was in type we have been made 
acquainted with a system adopted by the accredited burner 
manufacturers, Messrs. George Bray and Co. of Leeds, for 
obtaining large volimies of light from 30 to 400 candle 
power, suitable for lighting extensive areas. This consists 
in combining three or more flat-flamed burners in close 
proximity to, but without touching, each other. These are 
enclosed by an ornamental lantern, which is so arranged 
that the necessary current of air, passing upwards, insures 
steady clear flames, and at the same time any storm, how- 
ever violent, is prevented from affecting the steadiness of 
the burners. By this arrangement a greatly increased 
degree of light is obtained from any given quantity of 
gas. 
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THE VARIOUS APPLICATIONS OF GAS FOR EEATIKO, 
COOKING, AND OTHER PURPOSES. 

"Wanning Stoves — Cooking Stoves — Boiling Stoves — ^Hot Plates- 
Kitcheners — Necessary Precautions— The Gas Engine— Various 
Uses of Gas. 

Within the last few years gas has been applied with a 
remarkable degree of success to heating apartments, halls, 
offices, shops, conservatories and similar places, as well as 
to cooking, and other domestic and industrial purposes, 
by which the mains are brought into active operation 
during the day-time, with a considerable increase to the 
business of 'gas companies ; and this work would be in- 
complete if these appliances were not described. 

Although when lighting by gas was first projected, gas 
was also proposed for some of the objects under con- 
sideration, many years passed away without any steps 
being taken to carry them practically into operation ; and 
afterwards, when this was attempted, during a long period 
failure succeeded failure, and the successful adoption of 
gas for heating and cooking, dates only from the last 
fifteen years. 

Warming Stoves. 

Of all the kinds of stoves for warming apartments, 
among the simplest is that represented in the annexed 
Fig. 63. This consists of an ornamental wrought-iron 
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C7lmilncal Te«ael, containing a ring of gas jets, wldcli 
irhen ignit«d yield Bufficieot heat to maintain the atmo- 
sphere of an ordinary sized room at an agreeable d^ree 
of warmth in the depth of vinter. Other stores of Tatioiu 
designs, constructed of difierent materials, snch as cast inm, 
terra-cotta, and china, are also made for the same object, 
which are of that degree of elegance aa to render them 
suitable for any locality where 
ornament is desirable. Wbexe 
gas stores are need it may be 
necessary under some oon~ 
ditiona to carry the proda<^ 
of combustion away from the 
apartment by a email pipe 
which ought never to exceed 
two inches in diameter. Thus, 
one of the great benefits occm- 
ing from the use of gas-stoves 
cooBistB in the absence of the 
draught occasioned by the 
large chimney of an ordinary 
Lou Be fire, which in cold 
weather, when the door of an 
apartment is opened, speedily 
carries off the warm atmo- 
- sphere, to the great incon- 
venience of the occupants, 
j^ „ Another description of heat- 

ing stove is represented in 
Fig. 64, and termed the "cheerful stove;" in this at the 
upper part a number of gas jets are ignited, the light and 
bent of which are reflected by the corrugated copper 
plate, and presents a bright and cheerful appearance. A. de- 
scription of "cheerful stove" has, instead of the corrugated 
copper plates, embossed plates representing foliage or 
other subjects, where innumerable projections are required, 
^d in which each projeclaon '» a Ts&wteT. "S^oa atove 
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poesesees the advantage that at Thaterer angle it may be 
viewed it always preaents a bright earface ; and the dis- 
^reeable flickering of the jets, inherent with the stove 
previonsly mentioned, is with this avoided. 

Heating and ventUating stoves are also made by which 
all the products of combustion are conveyed away firom 
the apartment and fresh air ia admitted heated to any 
desired temperature at the moment it enters. These 
stoves can with every confidence be adopted in the bed- 
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room of the most delicate invalid without the slightest 
chance of any odour arising, or other inconvenience being 
experienced from the burning gas; whilst the vitiated 
air of the apartment is continually being removed and 
replaced by fresh ur from the exterior of the building. 
Such is the effidency of this hind of stove, that it is 
frequently employed in conservatories for months together 
without the dightest trace of injury to the surroMiiAia.'?, 
vegetation, whidi is a most crucial test <A i.\a w^^.^&(c^ . 



330 GAS FOR HEATING, COOKING, ETC* 

Warming stoyes are made to suit all classes of BoAetf, 
for the small office for wliich a stove may be bad for 
about 15s. or 16s., and wbicb office can be maintained at 
an agreeable temperature during the depth of winter at 
a cost of about Ij^d. per diem for gas. 

An excellent contrivance for beating cburcbes, cbapels, 
and other places is applied by Mr. Gill, of Bridgnorth. 
This consists of a cast-iron frame about 10 inches square, 
and 4 inches deep, surrounded by a non-conducting mate* 
rial, and covered by a movable perforated ornamental top. 
This frame is placed just beneath the flooring, so that its 
cover is level with the surface of the floor. 

Within this is a ring ** atmospheric burner," which 
when lighted emits neither smoke nor smeU, a quality 
always possessed by this description of burner. The gas 
stove described is very effective, and by its position neces- 
sarily the atmosphere at the lowest part of a room is 
heated. 

Gas-stoves are also made to imitate the ordinary house 
fire, or burning logs of wood, and where elegance of 
appearance is desired, this is furnished by apparatus 
manuf arCtured of excellent designs suitable for any locality. 

CooKiNQ Stoves. 

As our space is necessarily limited, we proceed to notice 
the apparatus adopted for culinary purposes. The simplest 
of these is shown in the annexed figure, and termed 
a boiling stove. This consists of a c6ist-iron sttmd as repre- 
sented in Fig. 65, provided with a hemdle, and in the centre 
is a circular burner composed of several jets. The appara^ 
tus is sometimes attached to a flexible tube in order that 
it may be portable ; but such is its great utility, that in 
every house where gas exists it should be permanently 
fixed with metal tube, which avoids all the inconveniences 
experienced by the india-rubber tube. 

The gas enters by the handle, where there are small holes 
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for the admission of air, and in its passage carries with it 
a portion of atmospheric air. This is called the *' atmo- 
spheric burner," and is very generally employed alike for 
cooking as for heating. The mixture of gas and air is 
consumed in the burner, producing great heat, but entirely 
devoid of smoke or soot ; advantages which render the 
boiling stove so cleanly and desirable. With this little 
apparatus, which is about seven inches in diameter, and 
costs about three shillings, water for the breakfast of 
a family can be boiled in a few minutes ; it is also adapted 
for innumerable other purposes wherever moderate heat 
and promptitude are necessary, and we repeat that every 
house supplied with gas should have this useful appliance. 
Combinations of two or more of these boiling stoves are 




Fig. 66. 

made, which are very desirable in the French cuisinCj or 
wherever boiling or stewing operations only are required. 

Fig. 66 represents one of those apparatuses termed a 
''hot plate," and consists of a cast-iron frame, having 
three atmospheric burners similar to that already described, 
with their corresponding taps. This is about 22 inches 
long, 16 inches wide, and 6 inches high. They are also 
made with as many as six burners suitable for an hotel. 
The prices of these stoves are within the means of all. 

Another description of stove which unites the boiling 
stove with a toasting or grilling appliance is shown in 
Fig. 67. This is provided with one atmospheric burner 
only, situated immediately beneath the kettle, and when 
required for boiling, the sliding valve, which covers the 
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burner (of which the handle is shown) is opened; boi 
whenever it may be necessary to toast or grill, the valve 




is closed when the heat is radiated on to the food. With 
this apparatus bread may be toasted, or chops, steaks, 




and bacon cooked to perfection. The smallest of this class 
of stove costs about twelve shillings, and the expense of gaa 
for the operation is merely nominaL 
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cording to another system of stove, a hot plate is 
ined with an oveu, as shown by Fig. 68, and the 
ition of roasting is effected by the heat being rejected, 
-adiated on to the food ; at the same time a current of 
) ccmtinually pasBuig. Thna, all the alleged advan- 
. of roasting before an open fire are secured. The 

is heated by the fire beneath to the eequisite 
)e of temperature, and the hot plate ia suf&ciently 

for two saucepans. This stove can also be applied 
warming an apart 
, by remoTing the tm 
ioT and grill, and 
ituting a copper re 
>r eimihir to that in 

in the " cheerful 

)Tes are made of the 
iption shown in Tig 
capable of roasting 
largest joints by re 
on, having the oven 
B subdivided, together 

a number of boiler 
era in the hot plate 

a boiler at the 

forming a complete 

iamily kitchener which 

ghly approred of is represented m Fig. 69, and is 
>rised of the outer casing lined with tiles or other non- 
ucting material. At the lowest point are the jets of 
nd gas, and in that chamber is suspended the joint to 
tasted. The heat at the same time passes to the oven 
e, in which two pies and a joint are represented, 
three boiling stoves complete the apparatus. It should 
bserved that a current of air is allowed to pass con- 
jusly through the stove and oven. We have seen the 
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most flattering testtmonials oonceming this apparatos, 
Trbidi have a very extenBive sale. There axe umtunorable 

other stores constructfid by manufacturers vho make this 
da^B of business their specialite, 

CooHiig by gas is now no longer an osperimental opera- 




tion, as the system is practically employed in private 
families of all classes with the most complete success. It 
has been introduced into hotels, clubs, and laxgo establish- 
ments where food has to be prepared for upwards of one 
tbottsa^d persons dtoly ; it ia oAo-gted-ii*. achools, hospitals, 
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barracks, and in all oases gives the most entire satis- 
faction on tlie various points of perfection in the operation, 
economy, and cleanliness. 

Mr. Magnus Ohren, who has had vast experience in the 
matter, as there are upwards of 600 consimiers supplied by 
the company he represents, who have adopted the system 
of cooking by gas, makes the following observations : — 

'^ Complaints are sometimes made that a sufficient supply 
of gas cannot be obtained for the stoves during the day- 
time, but in the majority of cases this is due to the supply 
pipes being too small. It is recommended that, wherever 
possible, and especially for cooking stoves, an independent 
pipe should be carried from a point near the meter direct 
to the stove. This applies more particularly to low-lying 
districts; but as the pressure of the gas increases in 
elevated situations, in such places it may be foimd advan- 
tageous to fix a governor for regulating the supply of gas 
to the stoves. 

^' In an ordinary fire-place, the odour from cooking 
should pass up the chimney; but with gas stoves, unless 
fixed in an open fire-place, the smell, especially in frying, 
escapes into the room, and is thus disseminated through the 
house. To avoid this inconvenience, a hood should be placed 
over the stove with a ventilating pipe to the chimney, or the 
stove may be placed in an out-building, where the odour 
from the cooking is less objectionable. 

'*In lighting 'Atmospheric burners,' care must be 
taken to turn the gas full on, and afterwards moderate 
the flame to the intensity required. If the supply is not 
turned fully on in lighting, the gas is liable to ' light back ' 
— ^that is, to light within the tube without mixing with the 
air, and thus cause the burners to smoke and smell, and 
will continue to bum so, however much the gas tap 
may be afterwards opened ; the only remedy is to turn the 
gas completely off and re-light it. "When properly adjusted, 
the atmospheric burner should give an almost perfect 
blue flame, which is a guide to the full height* li ^^ 
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burner does not give sufficient heat, the flame should not 
he increased in height, but a larger burner used, other- 
Tfise a smell will be caused by the improper uae of the gas. 

"Qas stoves should be kept clean by washing them with 
soda and warm water, and when dry they should be black- 
leaded ; the stoves, if allowed to become greasy, will cause 
an unpleasant smell." 

Although attempts were made to obtain motiye power 
from gas, a long period before it was applied to illumina- 
tion, and during many years a vast amount of attention 




has been given to the subject and innumerable patents 
obtaiued in connection therewith yet only within the last 
few years has any defimte progress been made in the 
matter. At the Universal Exhibition of 1851 a gas engme 
was exhibited which was regarded merely as a * philo- 
sopHcal toy; " however from that fame to the present the 
same engine has held its ground with more or less success, 
and no doubt has led gradually by repeated improvements, 
to the present high state of excellence achieved in the 
maBoIacture of gas-en^es. 
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Beyond all question, the best description of gas-engine 
is that manufactured by Messrs. Crossley Brothers of Man- 
chester, which is represented by Fig. 70. This in action, 
so far as regards the piston and cylinder, crank, and fly- 
wheel, resembles an ordinary high-pressure steam-engine ; 
but there the resemblance ceases, for with the gas-engine 
no boiler is required, nor is a skilled mechanic necessary 
to attend to it. With it there is no fear of explosion, 
while its security against fire, is proved by insurance com- 
panies not increasing the amount of insurance wherever 
these engines are employed. 

The gas-engine is actuated by the ignition of a mixture 
of gas and air, which is immediately expanded and gives 
the desired force. One end of the cylinder is open to the 
atmosphere, and on commencing operations the fly-wheel 
is caused to mak^ part of a revolution. This draws into 
the cylinder a certain qu«uitity of air which is followed by 
a stratum of gas, the compound filling the cylinder. By 
continuing to turn the fly-wheel the gas and air are com- 
pressed, and on the return stroke the gas is suddenly 
ignited, when the expansion of the air and gas drives the 
piston through the length of the stroke, and the next stroke 
is made by the fly-wheel. Thus there are four single strokes 
of the piston ; the first draws in the air and gas, the second 
compresses them, they are then ignited at the beginning of 
the third stroke, which is the effective, force, and by the 
fourth stroke the products of combustion are expelled. 

These engines have been made in considerable numbers, 
varying from one-horse to 35 indicated horse power, and are 
equally as [effective as steam-engines, as proved wherever 
they have been employed, whilst the cost for gas at 4s. per 
1000 feet does not exceed a penny per horse power per 
hour. They are free from noise and vibration, and it is to 
the interest of gas companies to employ them, if only as 
specimens for their consumers. 

Various descriptions of gas-engines are manufactured, by 
different firms, giving the force of one rciftsi-^^'^^t ^i»Si^ 
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upwards. Indeed, we have recently heard of a gas-engine 
capable of supplying a power sufficient to driye a sewing- 
machine, which is sold at a very moderate price. 

The other applications of gas are too numerouB to men- 
tion; but baths and conservatories are heated by it with the 
most perfect success. Gas is applied for numerous indus- 
trial purposes, by copper-plate printers, by tinmen, by 
jewellers, and various other trades; by laundresses, for 
heating their flat-irons : and wherever a moderate heat is 
required, this can be obtained with gas more economically 
than by other means, whilst the facility of application is 
always a strong recommendation to its use. 

With these statements of the advantages of heating and 
cooking by gas, its application as a motor, and various 
industrial uses, it becomes the duty of every engineer and 
manager of a company to assist in its further development; 
which accomplished, in the course of time the demand for 
gas for the purposes in question will add materially to Jhe 
revenue, and will bring the plant of a company into active 
operation alike in the height of summer, as in the daytime 
in winter, at which periods hitherto their mains as well .as 
a portion of their works have been comparatively inopera- 
tive. 



CHAPTEEXX. 

OAS EXPLOSIONS. 

The Fears of Exploaon on the First Establishment of Gas-lighting — 
The Cause of Explosion — An Explosive Compound not Inflam- 
mable under Pressure — Experiments made to prove this — Meters 
sometimes exploded — The Danger of the Hydraulic Joint of 
Gasaliers. 

When gas-lighting was first proposed, the dangers to be 
apprehended from explosions were the strongest arguments 
against its adoption ; and several scientific men of the period 
attempted to reduce these casualties to a positive law, and, 
among other statements, they asserted that a gas-holder 
containing 15,000 feet of gas would in exploding be as 
destructive as ten barrels of gunpowder. As a further 
proof of the slight knowledge of the nature of gas at the 
time, Sir William Congreve, with other learned gentlemen, 
when acting as a royal commission of inquiry on the subject 
of explosions, recommended that gas-holders should not be 
of greater capacity than 6,000 cubic feet each; and that 
they should be surrounded by strong walls, in order to con- 
fine the effects of an explosion whenever it might occur. 

We can look with satisfaction to the advancement science 
has made in connection with this subject : for now we know 
instead of gas being so terribly destructive, that when un- 
mixed with atmospheric air, or oxygen, it is as harmless as 
regards explosion, as the water in the tank beneath it; and 
if it were possible to insert a lighted torch or taper into a 
holder containing gas, instead of the gas ex^la^is^^^ '^ssssi 

Q 2 
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flame would be extinguislied. In other words, gas tui* 
mixed with oxygen suffocates flame, and in this state 
cannot ignite or explode. 

That explosions by gas have occurred, and do sometimes 
even now happen, is well known, but these have been so 
remarkably few in number, that the extraordinary safety of 
gas-lighting is as fuUy established, as the safety of railway 
travelling imder the most careful supervision ; however, by 
treating on these accidents, and describing their causes, is 
to adopt the proper steps to prevent them. 

Explosion is an instantaneous ignition of a mass, and that 
mass may be solid or gaseous ; thus, a mixture of charcoal, 
sulphur, and nitre in certain proportions, and prepared in 
a particular manner, form gunpowder ; which ignites instan- 
taneously, and the increased volume, occasioned by the 
solid assuming the gaseous state, is the cause of the force, 
or power attending the combustion. There are numerous 
other solid compounds infinitely more explosive than gun- 
powder, but the simple mention of this will be sufficient as 
example. 

Certain gases, like the solids mentioned, when intermixed 
in due proportion, are likewise capable of instantaneous 
combustion; for instance, hydrogen, when intermixed 
with oxygen, as before stated, in the proportion, by volume, 
of two of the former and one of the latter, ignites, pro- 
ducing explosion ; and coal gas when combined with air 
in certain proportions is also explosive, which is due to the 
hydrogen and carbon composing it, entering into combina- 
tion with the oxygen of the atmosphere, producing water, 
and carbonic acid gas ; and the nearer they approach to 
the proper proportions for the perfect formation of these 
compounds, the greater is the force of the explosion. A 
mixture of seven parts of air and one of gas is considered 
to be the most explosive compoimd, but this must depend 
on the quality of the gas. The generally accepted theory 
is that mixtures of less than three of air to one of gas, or 
more than eleven of air and one of gas, do not explode. 
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Explosioas from gas are exceedingly rare. By a Divine 
ordinance the odour arising from gas is generally so repul- 
sive as to awaken in tlie minds of tlie most callous a desire 
to avoid tlie annoyance, and in so doing the danger is 
averted. 

At one period or other, in some of the largest cities of 
the United "Kingdom, as well as those of the Continent, 
gas-works have been the scenes of explosions. This has 
often arisen from a new gas-holder, when nearly terminated 
and ready for use, having been communicated with the 
manufacturing apparatus ; and it has afterwards happened 
that through a leaky valve allowing the gas to pass, or 
perhaps by some careless person thoughtlessly opening the 
valve, the gas has entered, intermixed with the air in the 
holder, when by the accidental production of a light the 
disaster has occurred. Therefore, when new holders are 
constructed, they should either not be communicated with 
the manufacturing apparatus until quite terminated, or the 
pipes should be ** logged," or sealed with water, in order 
that no gas can possibly enter until all is quite ready for 
use. 

But explosions of this nature have occurred when the 
holder was being first filled with gas; one of the most 
remarkable took place some years ago, by which the 
engineer was killed. This arose from a defect in the con- 
struction, and want of ordinary caution on the part of the 
unfortunate sufferer. The facts are simple, for the holder 
on being charged with gas at the commencement of the 
operations contained a considerable quantity of air, the 
two forming an explosive compound, and by a singular 
fatality it happened that no gas was being made, and the 
holder was so far bound, or set, as to give no pressure. 
The engineer, desirous of judging the quality of the gas, 
very imprudently tried it at an open orifice of compara- 
tively large diameter; the consequence was, the flame 
entered, the explosive compound in the holder ignited, and 
occasioned the disaster. Had the gas beie^L tna^\5^ «si. 
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argand, or fishtail burner, the accident would not Haye 
happened, as the holes in these are too small to permit 
the flame to enter. 

Explosions have taken place in station meters when 
newly erected, just previously to their use, arising from 
causes already mentioned, or by a leaky yalye, or un- 
necessary meddling on the part of the workpeople. On 
one occasion which came under the writer's notice, a 
calamity of this kind occurred from the explosive mixture 
taking fire through the men making the joint with over- 
heated lead. And this suggests the varied opinions as to 
the possibility of a spark igniting gas. The general 
opinion is that gas cannot be ignited by that means ; and, 
indeed, it is difficult to be done, but by chance a spark 
may be produced of sufficient heat to inflame gas. 

Accidents have frequently occurred when laying mains ; 
often occasioned by a bladder-valve, which has permitted a 
smaU portion of gas to pass into the main beyond it, where 
the explosive compound was formed, and by the merest 
hazard, a neighbouring light has produced the calamity; 
thoroforo, in laying mains, when practicable it is always 
better to have a sheet-iron temporary valve. This is done 
by placing a thin sheet of iron between the spigots of two 
pipes at the point where the stoppage is desired, which 
may be clayed or cemented round to prevent the leakage of 
gas. The plate can be removed when requisite, and a 
temporary or permanent joint made with a running socket. 

An erroneous impression exists that if a gas-holder were 
to bo rent by accident, and the gas ignited, whenever the 
holder touched the ground, in the absence of pressure, 
that the contents would explode. This is incorrect, for, no 
matter the size of the opening, when the pressure ceased 
the flame would be extinguished ; but from this moment 
danger would commence, as the portion of gas remaining 
in the holder would gradually issue and air take its pletce, 
BO by degrees an explosive compound would be formed. 
An oxplosiye compound oi gaa and air, when under 
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pressure, only ignites at tlie exterior of tlie pipe ; but if the 
pressure be taken off the flame enters, and it explodes. 

In illustration of these assertions we will relate a few ex- 
periments we entered into, in order to be convinced of some 
of the circumstances under which explosions take place. 
The most suitable and available vessels for the purpose were 
old tin-plate meter cases of the larger sizes. In the first 
experiment with a 50-light case, the gas was allowed to flow 
through for a considerable time, when the bottom plug was 
replaced and a light applied to the outlet. The gas then 
burned with a flame equal to the diameter of the pipe, and 
about 1 8 inches high, but this quickly diminished until it died 
out, or was extinguished. This was tried several times with 
the same result, thus proving that when gas is enclosed in a 
vessel, the moment the pressure ceases the flame is extin- 
guished. But by allowing the vessel to remain some time, 
and afterwards applying a light, it was shattered to pieces ; 
which arose from a part of the gas having gradually es- 
caped, in the meantime air entering and combining with 
the remainder, formed an explosive compound. 

Another similar vessel was again charged as before, but 
in this instance the bottom plug was left open, and on 
applying the light, the flame was considerably higher and 
more vivid than in the former experiments, caused by the 
gas by its lightness ascending, air entering by the lower 
orifice to fill the place of the gas. Gradually the flame 
became dimmer and dimmer, and at last changed to a deep 
blue, when it suddenly entered like an inverted cone, and 
explosion took place, shattering the meter case, and throw- 
ing its ends a distance of several yards. 

On another occasion, on making a trial with a very small 
holder containing 2 feet of explosive compound, with a 
pressure of Aths, the gas issuing from a J-inch orifice, it 
ignited with a very intense blue flame ; but on taking the 
pressure off the holder, and applying the light, explosion 
occurred, lifting the holder from its place, and throwing 
the water of the tank in every direction. 
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We need Iiardly say that these experiments require great 
care. Thin tinned iron vessels are sufficiently strong ; and 
as the ddhrts are thrown a considerable distance, too much 
caution cannot be exercised. When a cylindrical vessel is 
subjected to explosion, the ends generally give way, whilst 
the sides remain intact. 

But if a further proof be necessary that an explosive 
mixture when under pressure does not ignite, it is furnished 
by the facts that hydrogen can be stored with safety under 
pressure, but will explode when released therefrom, as we 
experienced many years ago when experimenting with 
the apparatus employed for obtaining light by means of 
hydrogen impinging on spongy platinum. However, in 
any case, an explosive compound will not ignite through 
ordinary burners, as the holes are too small to permit the 
flame to pass. The reader may refer to the action of the 
Crossley gas-engine, in which, however, there is a stratum 
of gas, ignited at the moment the pressure is diminished, 
which confirms our views. We have dwelt particularly on 
this point, on account of a gentleman holding a high 
position in the gas profession, having expressed the oppo- 
site opinion. 

The explosion of gas was formerly considered to be due 
to the hydrogen in combination therewith, which assertion 
was maintained by Sir William Congreve. However, it 
is now established that the richest gases are the most de- 
structive when exploding. 

An explosive mixture always possesses a very powerful 
odour of gas, which is sufficient to indicate to any one that a 
light should not be approached ; and under these circum- 
stances, when in dwellings, ordinary precautions only are 
requisite, above all, to have no lights near, and to open 
the doors and windows, the upper part of the latter especi- 
^Jy fl-s gas by its lightness ascends, and will readily 
escape from there. The main tap should be closed, and 
a careful inspection made, when perhaps a tap will be 
found turned on, or an hydraulic joint without water, or 
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some other defect which can easily be remedied. No one 
should ever apply a light where there is an odour of gas 
in the upper part of an apartment ; many little mishaps 
have occurred through neglecting this precaution. Should 
there be any escape which can only be detected by £ame, 
the gas ought to be turned off for two or three hours, and 
the other precautions being adopted, the light may be 
applied the moment the main tap is turned on ; but it is 
always better and safer to detect escapes in dwellings with- 
out the employment of a flame, as for this object only a little 
more patience is required. 

Meters are sometimes mysteriously destroyed by explo- 
sion, even when flxed in their places. The syphon plug 
when not sealed by water, and the tap of a burner beiag 
left open, are sufGlcient to permit air to enter and form the 
explosive compound, when a light being applied to an orifice 
without a burner, the flame enters, but does no injury 
beyond rendering the meter useless. 

On the occasion of a fire occurring near a gas-works, the 
public journals formerly fell into error by assuming the 
contents of the gas-holders to be explosive, and dilated on 
the amount of damage that would arise from this event 
occurring, the public excitement being naturally much 
increased by this mis-statement. Gas-holders when in use, 
that is, containing ordinary gas, cannot by any means 
explode, even although the plates forming them were to be 
made red-hot by the flames ; all that could occur is that the 
gas, when expanded by the heat, would issue in detached 
flames, but no explosion could take place. Another error 
is that when an edifice, as a theatre, takes fire, to turn off 
the gas to prevent explosion ; which is done sometimes at 
the risk of putting the audience in darkness, to find their 
way out in the best manner they can. Nothing is more 
absurd ; for supposing, at the worst, the fire to melt the 
pipes in the building, and the gas to issue, the same flame 
which melted the pipe would ignite the gas, so that under 
these conditions explosion is not possible. A good. «^%^<3ajk 
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is to liave a valve, or valves, on the exterior of all public 
buildings of resort, whicb, in the event of a fire nnf ortn- 
nately occurring, can be shut oS after all the people 
have left the building, so preventing the destructive 
effects of the flame should the gas ignite, and the loss 
of gas. 

The most fruitful source of explosions in private dwell- 
ings is the hydraulic gasalier, which is often left for 
months or years together, without having a supply of 
water, and it often happens that persons are quite unac- 
quainted with the danger which may occur from neglect 
on this point. This evil is further aggravated by the very 
small margin allowed by some makers of gas apparatus, for 
the evaporation of the water, and the manufacturer who 
produces a contrivance to supersede the hydraulic joint 
wiU be a public benefactor, and should be encouraged by 
every gas company in the world. 



CHAPTER XXI. 

VARIOUS METHODS OF FROBUCING LIQET. 

Water Gas — Hydro-carbon Process — Carbuiating Gas — Carbtirating 
Air — Electricity, how Produced — The Electric Light — Difficulties 
attending the tlse of the Electric light. 

In 1824, the epocli when gas-lighting was thoroughly 
established; Ibbotson obtained a patent for producing 
hydrogen gas by the decomposition of steam, which he 
proposed to mix with tar or coal, in a state of ignition as a 
substitute for gas. A few years afterwards, Michael Dono- 
van patented the means of enriching those gases which 
afford little light when burning, such as hydrogen "pro- 
duced by the action of steam on coke heated to redness," 
and bringing it in contact with the liquid, or the 
vapour of spirit of turpentine, spirit of vegetable tar, 
coal naphtha, naphthaline, or similar substance heated 
or otherwise, and employing the combined mixture as the 
illuminating agent. Two years afterwards, Lowe applied 
the vapours of naphtha and other light hydro-carbons to 
enrich ordinary coal gas. And in 1847 Mansfield patented 
among other things, the "manufacture of bituminous sub- 
stances which are so volatile that a current of atmospheric 
air, passed through them at ordinary temperatures, will 
when ignited, continue to bum with a luminous flame 
till all, or nearly all, such substances are consumed." Thus 
in the preceding we have the foundation of all the different 
processes, known generally by the terms of "water ^q«»^" 
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**carbiirating gas," and *'air gas," to each of wliichwe 
will now refer. 



Water Gas. 

When steam or the vapour of water is passed through a 
quantity of red hot coke, or a red hot iron pipe, it is decom- 
posed, with an evolution of hydrogen and carbonic add in 
the first case, and hydrogen only in the second case, as the 
other element of the water, the oxygen, unites with the iron. 
But when required for illumination the hydrogen is gene- 
rally produced by decomposing the steam by means of 
iron. One gallon of water will yield 210 cubic feet of 
hydrogen gas, which although possessing considerable 
heating power is useless as an illuminatrng agent; al- 
though some years since it was successfully applied for 
heating stoves, when the burning jets of hydrogen were 
caused to impinge on pieces of platinum foil, and a cheerful- 
looking fire was produced. 

About 25 years ago, the method of producing hydrogen 
by the decomposition of water and intermixing it with the 
gas obtained from rich cannel coal, caused considerable 
excitement. The process was supported by one of the first 
chemists and the most able engineer of the day, which 
induced the proprietors of the gas undertakings of Buthin, 
Southport, Warminster, Dunkeld, also of many mills in 
Lancashire, to adopt the *' hydro-carbon process " as it was 
termed, as a substitute for the ordinary method of manu- 
facturing coal gas. The alleged superiority, and the adop- 
tion of the hydro-carbon process, caused many companies 
to make experimental trials on an extensive scale ; amongst 
which were the Manchester and South Metropolitan, and 
during several months, the engineers of these establish- 
ments did their utmost to insure success ; but experience 
and time proved the fallacy of the system, and the results 
of these extensive experiments only made evident the im- 
j>racticability of the process in question. Whilst the towns 
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mentioned, which were lighted by these means, instead of 
yielding profit, suffered one continuous loss. 

The causes of this signal failure were various. Firstly : 
The production of hydrogen by the decomposition of water 
is very costly ; under the most favourable circumstances 
much more fuel being required to produce a given quantity 
of gas from water than from coal. Secondly : Hydrogen 
when so produced and intermixed with rich hydro-carbons, 
forms merely a mechanical mixture— no chemical affinity 
existing between them — and, in consequence, on being 
submitted to diminished temperature, the hydro-carbons 
were deposited in the pipes before the gas reached the 
consumers' burners, whereby it was often so much im- 
poverished and deteriorated as to be next to worthless 
as an illuminating agent. Thirdly : It was impossible to 
regulate the supply of steam in proportion to the heat of 
the retort where it was decomposed ; hence on there being 
an excess of steam, nearly the whole passed o£E in a 
superheated state without decomposition, and was after- 
wards condensed into water; when under these circum- 
stances, the rich gases were delivered without the proper 
quantity of hydrogen, and of course a beautiful light was 
the result. But on other occasions, when the water was 
successfully decomposed, the hydrogen being in excess, the 
gas would be exceedingly poor, and possess little illuminat- 
ing power. Thus at one period the light would be of great 
brilliancy, and at another time of the worst description. 

But one of the greatest objections was the cost of wear 
and tear. For although clay retorts were most suitable 
for the decomposition of water, on account of their being 
capable of sustaining a high degree of heat, yet in con- 
sequence of their porosity, and as the hydrogen was 
much more penetrating than coal gas, the loss by leakage 
was very great, which precluded their use. Iron retorts 
therefore only could be employed; and these, by the 
combined action of the heat, and the oxygen absorbed 
by them from the water, were speedily altered yq^^3s\s5^ 
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nature; and thickened to a great extent; presenting a 
large mass of non-conducting material, which not only 
increased the fuel account to an enormous degree, but 
in addition to this, the retorts were of yery short 
duration. The expenses of the wear and tear, and the 
large quantity of fuel necessary for the process, added 
considerably to the many other disadvantages. Therefore 
it is not surprising that the irregularities and defects 
enumerated were fatal to the adoption of the process. 

An argument suggested in favour of the hydro-carbon 
process was, that the hydrogen swept out the whole of 
the carbon, which, instead of being deposited in the 
retorts, was carried to the burners for consumption. This 
might probably be a consideration at that period, but the 
improvements in carbonising coal, by the employment of 
the exhauster, have reduced the deposit to an unimportant 
amount. 

It may be stated that the zeal, energy, and perseverance 
displayed in endeavouring to carry this process to a 
successful issue, merited a better result ; but the system 
was erroneous, and a striking instance of the highly 
successful experiment of the laboratory being commercially 
worthless when carried into practice. 

Hydrogen gas has also been applied in conjimction with 
oxygen as a jet, which is caused to impinge on a cylinder 
of lime, of about one inch in diameter and the same height. 
A slow rotary motion is given to the lime, by which means 
the mass becomes incandescent and yields a bright intense 
light, called the lime light. 

Hydrogen gas was employed by Gillard in another 
manner to produce light. For this object the gas issued 
from an argand burner surmounted by a platinum wire 
cage extending a little above the dull hydrogen flame ; 
when on the wire cage becoming incandescent, it yielded 
an intense light simply by the incandescence of the 
platinum wire. The light by this process was neither 
economical, agreeable, nor useful. Narbonne, and two or 
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iiiree other small towns in France, were lighted for some 
time by these means, but the great expense of hydrogen 
caused it to be renounced. With the view of obtaining 
that gas economically, GiUard erected a cupola similar to 
those in iron foundries, which was Med with coke or 
charcoal, and when the fuel was ignited and brought to 
a state of incandescence by a fan or blower, all passage 
to or from the atmosphere was closed. Steam was then 
admitted at the lower part, which on passing through the 
volume of fuel was decomposed, when the hydrogen and 
carbonic acid with which it was impregnated, were with- 
drawn by an exhauster from the upper part of the cupola. 
Occasionally the supply of steam was stopped, and air 
furnished by the blower as before, to bring the fuel to the 
proper degree of temperature for the decomposition of the 
steam. 

This plan, although much more economical than the 
retort system, did not succeed ; the expense of manufacture 
was still very excessive. It may therefore be concluded 
that the production of hydrogen gas by the decomposition 
of water is neither advsuitageous nor economical, and 
whether applied to be intermixed with rich gases, heating 
platinum wire, or intermixed with oxygen to produce the 
hydro-oxygen or lime light, hydrogen cannot compete with 
coal gas. 

CAEBTTRATINa GaS. 

This process consists in passing the gas through a vessel 
or vessels containing light hydro-carbons, such as naphtha 
or spirit of petroleum, by which the vapours combine with 
the gas, whereby additional particles of carbon are com- 
municated to it, which are held mechanically in suspension 
for a period, depending on the temperature of the pipes 
and the nature of the liquid. Thus the illuminating power 
of the gas is increased in proportion to the quantity of 
carbon vapours carried by it to the burner. At one "^^tvoi^ 



352 METHODS OF PRODUCING LIGHT. 

carbxirating gas was practically applied at several places ; 
among others at the Penitentiary at Millbank; but the 
economy derived from it was more than counterbalanced by 
the trouble and inconvenience attending it. 

The main difGlculties existing against the carburisation 
of gas are, the irregular evaporation of the liquid ; a portion 
of which, when first placed in the carburating vessel, is 
remarkably volatile, and passes off in abundance, requiring 
burners with small holes to prevent the formation of smoke. 
The vapour is liable to be condensed in the pipes, and by 
degrees, when the most volatile vapours have evaporated, 
the gas consequently not being enriched, a difGlculty arises 
from the smallness of the burners; which, as already 
explained, give for the quantity of gas consumed, very 
diminished light. 

The process of carburisation was tried for one or two 
years on the public lamps in the City of London ; and, 
according to the estimates of the projectors, a considerable 
economy was to be effected, together with a great increase 
of light. To obtain these alleged advcmtages, it was neces- 
sary to change the ordinary burners, consuming 5 feet 
per hour, and replace them by others burning only 3 feet, 
which of course diminished very materially the account of 
the gas company ; but, as the sequel clearly proved, was 
not an economy. The carburising apparatus being placed 
in the lanterns, were unsightly, besides throwing great 
shadows. The gas at one period, when supplied with 
fresh naphtha, issued with a smoky flame, rendering in a 
single night the glasses dirty and obscure ; again in the 
course of a short time the naphtha was useless, when, on 
account of the very small burners, the gas was consumed 
under considerable disadvantage, and the light given was 
diminished to a serious extent. After a long trial it was 
renounced, on account of the dif&culties it possessed and 
the absence of the economy anticipated. 

There is, however, a process now before the public called 
the Albo Carbo system, m \Ans3a. %.oM naphthaline is 
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employed, whicli may avoid the incoxxveniences attending 
the use of the liquid hydro-carbons. 

Am Gas ob Cabburated Ant. 

There are few subjects connected with gas-lighting that 
have created so much attention from time to time as that 
under consideration. For since it was patented by Mans- 
field, at least a hundred patents have been obtained for 
precisely the same system. Several companies of more or 
less importance have been formed for carrying it into 
operation, the majority of which have failed, or were 
wound up, within a short period of their formation ; and 
only within the last few years has any degree of success 
been attained with carburated air. 

As already stated, this is prepared by a current of air 
passing through volatile bituminous substajices, which 
when ignited bums with a luminous flame. In practice 
this is usually accomplished by a motive power meter 
actuated by a weight, attached to a cord; this cord is 
wound on a pulley which acts either directly or indirectly 
on the shaft of the meter wheel, and passes over another 
pulley situated at some height from the meter ; the weight 
is attached to the end of the cord. The inlet of the meter 
is open to the atmosphere, and its outlet connected to the 
vessel containing the spirit of petroleum or other substance 
employed, and on the weight descending, the wheel of the 
meter is caused to revolve and so propel the air through 
the hydro-carbons in the vessel. This vessel is formed 
of one or several trays, each of which is charged with 
fibrous material in order to present a large surface for 
evaporation. It should be made of tin plate in order 
that little obstruction be offered to the caloric passing 
from the atmosphere to the spirit as it evaporates. By 
some, the air is caused to pass or bubble through the 
liquid, but we believe the proper method is to let it pass 
over its surface, when the vapours combine witliii, «xA. ^>3l^ 
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consumed precisely in the same manner as gas ; but for the 
purpose argand burners having very large holes are the best 
suited. 

A system of apparatus is before the public which con- 
sists simply of a cylindrical vessel, generally made to supply 
twelve lights ; this is divided into three or four compartments 
or shelves containing the spirit, over the whole of which 
the air must pass. The inlet for the air is open, and the 
outlet connected to the fittings. This vessel is placed in 
a locality cooler than the apartment to be lighted, and the 
current of air passing from the cool to the warm locality, is 
suflficient to give the desired pressure to carry the vapours 
and air to the burners, where the compoimd is consumed in 
argand burners, similar to gas. Thus by this apparatus no 
mechanical appliances, nor the attention they demand, are 
requisite ; against this, however, there are some drawbacks, 
the most important of which is, that a locality cannot 
always be assured to be cooler than another, when of 
course the instrument is inoperative ; besides, with this 
apparatus, on account of the low pressure obtained, argand 
burners only can be used. 

Whenever coal gas is not to be had, air gas may be advan- 
tageously employed for lighting, and by which all the effects 
of coal gas are produced, and for that object all that is re- 
quired where the motive power meter is used, is to wind 
up the weight which actuates it occasionally. The fre- 
quency of the operation will depend on circumstances ; but 
under any conditions the distance of fall of the weight 
should be at least ample to permit of the lights burning 
the longest night without any interruption. Moreover, 
precautions must always be observed when charging the 
saturating vessels with the spirit, as this is of necessity 
very volatile, easily ignited, and when mixed with air is 
highly explosive. 
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The Electric Light. 

The excitement that has existed at varioTis times con- 
cerning the electric light, and the probability that it may 
at some period become antagonistic to gas-lighting, is sufGl- 
cient reason for us to refer to the subject. 

Beyond the effects of electricity little is known concern- 
ing it, and perhaps the simplest method of illustrating 
one of these effects, is by placing a silver coin on the 
tongue with a piece of zinc beneath it, when, besides the 
mere pressure of the two hard substances against the top 
and bottom of the tongue, no sensation is experienced; but 
the instant the two metals are caused to touch each other, 
or brought in contact by a piece of copper wire touching 
the two, there is a strong metallic taste which continues 
without interruption, which is due to the action of elec- 
tricity. 

If a plate of zinc be immersed in a solution of sulphuric 
acid, chemical action immediately takes place, when the 
oxygen of the water combines with the metal, whilst the 
hydrogen is liberated in numerous bubbles of gas. Thus 
the water is decomposed by the superior affinity of its 
oxygen for the zinc, and this decomposition continues until 
the sulphuric acid, which greatly facilitates the action, is 
exhausted by the combination of the sulphur with the zinc, 
forming, in connection with the oxygen portion, with the 
decomposed particles of water, soluble sulphate of zinc* 

When the surface of the zinc plate is well amalgamated 
with mercury, those particles of water and acid only in 
immediate contact with the metal are decomposed. The 
hydrogen gas collects in minute bubbles over the surface 
of the plate, but they do not attain sufficient size to detach 
themselves from the metal, and the plate consequently 
becomes coated with innumerable minute bubbles of 
hydrogen gas. This gaseous coating protects the metal 
from being further acted on by the acidulated water, and 

♦ BakeweU*s "Electricity." 
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it would thus remain in the liquid unchanged for a lengOi 
of time. 

A piece of sheet copper may be immersed in Hhe same 
vessel without causing any alteration in the state of things, 
so long as the metals are kept apart, but the instant that 
the metals touch, a brisk action commences, and eUetrieUy 
is produced. The bubbles on the surface of the zinc are 
transferred to the copper, and rise rapidly to the top of 
the fluid ; these are followed by continuous successions of 
bubbles of gas, all rising from the copper surface, as if tiie 
chemical action were taking place with that metal. It is 
the zinc, however, that is alone attacked, and being de- 
prived of its protecting coating of bubbles, it continues to 
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be converted into sulphate of zinc, until, as in the jHrevious 
case, the free sulphuric acid is exhausted. 

It is not necessary for the production of this effect that 
the metals should touch in the fluid. If the lower parts 
only of the plates be immersed, and the upper ends are 
brought together, the formation of bubbles proceeds quite 
as briskly as when the metals are in contact in the liquid. 
Neither is it requisite that the copper and zinc should be 
immediately connected. If the lower ends of a copper and 
of a zinc plate be immersed, and iiie parts out of the fluid 
be connected with a wire, as in the above diagram. Fig. 
71, the evolution of bubbles from the copper surface will 
continue, though not so rapidly as before ; the diminHtioai 
in the action arising from the reidstance which the wire 
offers to the passage oi tiio at\iax3i\a.^ii^^iox^Q. 
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Preserving the order of arrangement shown in the figure, 
let the sizes of the plates be enlarged till the extent of 
surface immersed amounts to about fifty square inches. 
The evolution of gas from the larger surfaces will be 
greater than before, but not in proportion to their in- 
creased extent, for if the thickness of the connecting-wire, 
Wy do not correspond with the increased capacity of the 
plates, the resistance it offers will diminish the effect. Let 
the wire be reduced to the size of a hair, and another re- 
markable phenomenon will be observed. The force is then 
much greater than can be freely transmitted through that 
thin wire, and it is developed in the form of heat. The 
wire wiU become red hot, and, if the action be energetic, 
will even be melted in the act of transmitting from plate to 
plate the peculiar power called voltaic electricity, by means 
of which water is decomposed, and light is produced. 

The electriciiy generated by a single pair of plates or 
cell, possesses a very low degree of intensity. The quan- 
tity is only limited by the size of the plates, but no increase 
of size alone will add to the intensity of the force. Thus, 
though a pair of large zinc and copper plates, excited by 
diluted sulphuric acid, vnll fuse any of the metals, they 
cannot decompose a drop of water, because in the latter 
case the force is not sufficiently energetic to overcome the 
resistance of the fluid. 

The most brilliant of the phenomena of voltaic electri- 
city is the light evolved between two charcoal points. To 
exhibit this effect, a battery consisting of at least fifty pairs 
of copper and zinc plates, 4 inches square, is required. 
Two pointed pieces of the carbon deposited in the retorts, 
answer better than wood charcoal, which are fixed as shown 
in the engraving, each carbon point being connected with the 
opposite ends of the voltaic battery. The two points must 
first be brought into contact, and the electric current being 
thus established, the pieces of carbon, after being heated, 
may be gradually separated from each other to the distance 
of an inch and upwards, without breakixi^ ^JfiL'b "^^Ss^se^^ 
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circuit. The space between the points is occupied by the 
arch of flame called the electric light. 

The action of this will be understood by referring to 
Fig. 72, which represents a wooden base. On this are 
secured two sockets; into these are cemented the two 
glass pillars with their mountings, the object of the glass 
pillars being to prevent the electriciiy escaping to the 
base. The two pieces of carbon are secured in their cor- 
responding metal holders, which slide freely in two brass 
tubes. The wire, a^ being connected with one end of the 
battery of 50 cells, as stated, and I in communication with 
the other end. On the battery being properly charged 
with dilute acid, electricity is generated ; the two pieces of 
carbon are then caused to touch each other, when similar 
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to the action on the very thin wire, heat is produced, and 
the carbons are separated as shown, when the space between 
them is occupied by the electric arc or light. 

During many years the only method known whereby the 
electric light could be produced was by voltaic electricity, 
as described. But in the course of time it was discovered, 
that aU the effects of voltaic electricity could be produced 
by permanent magnets, without any battery whatever. 

To describe this, in order to render it intelligible would 
occupy more space than we have at otir disposal ; we may 
therefore briefly state that the method of obtaining electri- 
city for the light at the present day, is by means of motive 
powoTf which causes a ikumb^T cA «nsi^Wx<^% to revolve at 
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great speed in dose proximity to a series of permanent 
magnets, by wHcIl the requisite electricity is obtained for 
the combustion of the carbon. The arrangement of the 
carbon has also been altered, but the cause and effects 
are like those already presented to the notice of the reader. 

The question now arises, Is electric lighting likely to 
supersede gas ? To this we answer that, in our opinion, for 
large squares, docks, and places of extensive area, where 
the light of a thousand candles or upwards may be re- 
quired, electricity wiU eventually compete with gas ; and, 
according to good and independent authority, when pro- 
ducing large masses of light the former is the cheaper. 
But an evU is, that when it is subdivided, electricity loses 
power very materially, as, according to Professor Thompson, 
on subdividing the power of 1,000 candles to supply ten 
different lights, instead of getting at each point the light of 
100 candles, only the tenth part of that number is really 
obtained ; and this loss by subdivision is fatal to the light 
under consideration, either for lighting dwellings, shops, 
and even the majority of streets. 

Thus, assuming our opinion to be well founded, it is 
evident that the use of electric lighting will, under any 
circumstances, be very limited, on accoimt of the few towns 
having the necessary large spaces or areas required to be 
illuminated. However, much remains to be accomplished 
by gas companies in order to prevent electricity acquiring 
the ascendancy ; that is, by providing good burners and 
other facilities for consumers, in order that the maximum 
degree of light may be obtained from the gas. By giving 
every encouragement to the adoption of gas warming and 
cooking stoves, and the other numerous applications of 
gas. Lastly, in availing themselves of all improvements 
in the manufacture, with a view to the economical pro- 
duction of gas, by which means its price may be reduced, 
for as experience has proved diminished price always in- 
sures an increased demand. 
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varying state of the weather, whereby gas in any given 
locality is rendered more or less oompressed or compact, 
according to the degree of atmospheric pressure arising 
from this cause ; which, however, seldom varies more than 
2J- inches at any particular elevation. 

These influences of the atmosphere are ascertained by 
means of the barometer. This instrument is illustrated 
in its simplest form by taking a glass tube of about 33 
inches long, having a bore of ^ or J inch diameter, which 
is closed at one end and filled with mercury. This accom- 
plished, a cup containing a portion of mercury being at 
hand, the open end of the tube is firmly closed by the filler. 
The tube is then inverted and held perfectly vertical, and its 
open end immersed in the mercury contained in the cup ; 
when, on the finger being removed, the column of mercuiy 
falls to a point according to the state of the weather, or the 
elevation of the locality where the operation is conducted. 
Under ordinary circumstances, the distance between the 
level of the mercury in the cup and the top of the column is 
30 inches ; for this reason it is taken as the standard of 
comparison for gas, which column is supported entirely by 
the pressure of the atmosphere. If we suppose the tube 
and the cup to be fixed, with a scale of inches and tenths 
of inches attached to indicate the height of the mercuiy, 
then we realise the construction of the barometer. By 
these means the degree of compression that gas is subjected 
to, is known, and the proper corrections made to reduce 
it to the given standard. 

The increase or decrease of volume is about i oVo o th 
part for every variation of one-tenth of an inch of 
mercury. But in any augmented volimie occasioned by 
diminished atmospheric pressure, as all the atoms of the 
gas and hydro-carbon vapours are separated from each other 
proportionably, the smaller volume contains precisely the 
same amount of illuminating agents as the larger, the 
increase of volume being accompanied by a corresponding 
reduction in the quality ol IIlq ^^^\ ouiiiQ other hand, by 



INFLUENCE OF ELEVATION. 363 

increased atmospheric pressure, the density of the gas and 
the illuminating power of any given quantiiy are augmented. 
It therefore follows that according to the height of a town 
above the level of the sea, so will the yield of gas per ton 
of coal, be proportionably increased, and the quality of the 
gas reduced. 

Now, on referring to the table, page 237, we learn that the 
influence of the atmospheric pressure, as indicated by the 
barometer, acts in a marked manner on the volume of gas 
at any given temperature. Thus a volume of gas which 
is equal to 1,033 feet at 31 inches pressure, becomes 
compressed into a volume of 933 feet at 28 inches at- 
mospheric pressure. These facts, therefore, show the 
necessity for making these corrections in order to ascer- 
tain the real and true volume of gas at the defined 
standard. 

There is, however, another controlling influence which 
affects the illuminating power of any description of gas, 
that is the elevation of the locality above the level of the 
sea. For instance, Munich is about 1,700 feet above the 
sea, and, according to Dr. Frankland, ^' a description of gas 
that would give the light of 100 candles at London would 
there give only the light of 91 candles ; and if the same gas 
were burnt at Mexico, which is about 7,400 feet above the 
level of the sea, it would give the light of 61 J candles only. 
These calculations are quite independent of the considerable 
change of volimie ; if ihis be taken into account the differ- 
ence becomes much greater. Equal volumes of gas burned 
in London and Mexico would give quantities of light which 
would bear the proportion of 100 to 46*2." 

Other conditions which will affect the illuminating power 
of the gas are, the accidental admixture of atmospheric air, 
to which reference has been made under the head of Ex- 
hausters ; also the pressure of carbonic acid gas, of which 
one per cent, intermixed with coal gas will reduce the 
illimiinating power of the latter to the extent of about 7 
per cent. Barometrical changes also InflM^tka^ \Jcl^ ^<^^ <251. 

B 2 
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gas from any given quantity of coal, both by their action 
on the temperature of the retorts as well as by their 
pressure. 

Spectfio Gravity of Gas. 

At one period the specific gravity of gas was regarded 
as an indication of its illuminating power. This system has, 
however, long been discarded as erroneous, except when in 
the hands of a g^od chemist, who is able to determine all 
the various constituents of the gas. In order to de- 
monstrate this it may be remarked that carbonic add is 
three times heavier than 20-candle gas, therefore a small 
portion of the former will augment considerably the spe* 
cific gravity whilst it materially deteriorates the luminosity 
of gas. However, as the weight of any given volume of 
gas is sometimes determined by its specific gravity, we giye 
the generally accepted rule for that object. 

RuU. — ^Multiply the quantity in feet by the specific 
gravity, and strike off the three right-hand figures, then 
multiply the remainder by the decimal 'OTSS, and strike off 
the proper decimals, when the remainder is the weight in 
pounds. Thus, if 90 lbs. of coal give 400 cubic feet of 
gas, of specific gravity 420— then 420 X 400 x "0753 = 
12*65 lbs. of gas. 

The following comparison of the specific gravity of gas 
with the illuminating power as shown by candles is an 
average deduced from the results of the best experi- 
menters : — 
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ANAI.YZING Gas. 

Wo now como to the means of analyzing gases, and 
intend to indicate the method which can be applied for 
that purpose, such as any one with ordinary intelligence 
can employ. For this operation a Cooper's tube is the 
main essential, which consists simply of a glass tube of 
about 20 inches long and J inch internal diameter, having 
one end closed, and the other end open and bent in the 
form of an inverted syphon, as represented in the annexed 
figure. A graduated scale is marked on 
the tube, commencing from the level of 
the open end and continued upwards for 
about one-fourth of the capacity of the 
tube. A tall tank or vessel is also pro- 
vided and filled with water in which the 
whole of the Cooper's tube can be im- 
mersed in order to equalise the tempera- 
ture. When operating with this tube it 
is first filled with water; it is then charged 
with the gas and held in a vertical posi- 
tion, as shown in Fig. 73. 

The methods indicated by Dr. Letheby 
to ascertain the presence of certain gases 
in any gas are as follows : — 

Carlonic Acid. — To ascertain the 
quantity of this existing, a volume of 
gas is passed into an ordinary Cooper's tube previously 
filled with water, and after allowing the tube to stand 
in the vessel of water for a few minutes, so as to 
equalise its temperature, the volume of gas is read off. - A 
piece of caustic potash is then let up into the tube and 
allowed to dissolve in the water, the tube being kept in 
motion with the thumb firmly placed over the opening, so 
as to dissolve the potash without allowing any of the gas 
to escape. When the potash is dissolved the tube is 
returned to the vessel of water for the ]jur^o«»^ oi ^^^i^ii>55br 
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and light carhurottod hydrogen, and so give false results. 
Uroniinri, however, has the property of combining with the 
liydro-ciarbonH without touching the other constituents of 
coHlgiiH; and if it wore not that it forms ethereal com- 
])oun<lH, whi(!li difTuflo vapour through the gas, and so 
aflf<^(it its volume, iho results would be very trustworthy, 
k HoyvoYOVf tlioy are B\iHidc>ii^\7 tc^M^\^ iont common pur- 
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poses. To determine these, a known volume of coal gas is 
passed into an ordinary Cooper's tube, and having equalised 
its temperature and read its volume, a single drop of 
bromine is put into the water at the bend of the tube, when, 
on closing the tube with the thumb, the gas and bromine 
water are agitated with just enough violence to diffuse the 
vapour of bromine throughout the tube. After standing 
for five or six minutes, and observing that there is still 
enough bromine to colour the gas, a small piece of caustic 
potash is added, and again the tube is closed and agitated. 
The tube is then referred to the equalising vessel, and 
when the temperature is restored, the absorption is read 
off, which is due to carbonic acid and condensible hydro- 
carbons. As the amount of the first has already been deter- 
mined, the volume of hydro-carbons is easily obtained. 

For further information on this subject, as well as a 
greater amount of detail relating to the testing of gets than 
our space permits, we recommend the reader's attention to 
Hartley's *' Gas Analyst's Manual." 



CHAPTEE XXTTT. 

rUBLIC LIGHTING. 

Oncrons Contracts— Concessions — Various Systems of Public liglit- 
ing — Effects of Different Latitudes — Lamp Begulators — ^Average 
Meter System— Street Lanterns. 

LiGHTiNO the street lamps, or, as generally termed, the 
public lighting, is frequently unremimerative to gas com- 
panies, and in the majority of cases in the United Kingdom 
little profit is attached to it. Sometimes this arises from 
an absurd contract having been entered into by the gas 
company, or the proprietor of the undertaking, when first 
establishing the works, in order to secure the privilege of 
supplying the town; and we have known companies, both at 
home and abroad, to contract for the public lighting on such 
conditions as to result in a serious loss, which was well 
understood at the time, but they relied on recouping this 
loss by the high prices charged to private consumers. 

This, although a very common system at one time, was 
decidedly wrong, as by it the gas consumers were taxed 
heavily in order to light the town or other locality, and by 
which the general public profited. According to some con- 
tracts, the gas company is bound to light several buildings 
gratuitously, and in one or two instances, illuminating the 
town clock is at their charge. 

In the days of competition, projected new enterprises 
would undertake to light a district in opposition to an old- 
established company, for a short term of years, at a mere 
nominal charge : but at its exigivia\!vOTL, ^\.«t\k3K'?va.^laid their 
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mains througliout tlie locality, the new company would 
demand a higher price, when the authorities, rather than 
submit to the terms, have lighted their districts by naphtha 
lamps, which were then coming into use. In very recent 
times, when the local authorities of certain towns have 
imagined the price demanded by the company to be extra- 
vagant, they have also resorted to paraffin as the means 
of illuminating their streets, but the inconveniences attend- 
ing this have compelled them to make the necessary in- 
vestigations, when, as a rule, the price asked by the company 
has been found to be reasonable, and has been accepted. 

The system of granting concessions, or exclusive privi- 
leges for lighting towns and cities during a certain num- 
ber of years, is very generally adopted abroad; and in some 
of these places, where the necessary capital can only be had 
from a foreign country, and where the people are desirous 
of having their town lighted with gas, under these con- 
ditions frequently very liberal terms are ceded to a projected 
company, not only as regards the price of gas to the con- 
sumers, but also in the number of lights, as well as their 
price. 

In places where these concessions are granted, very 
often most onerous clauses are inserted in the contract, such 
as the extinction of any public light which is reported by 
a local official, to be visited by a heavy fine ; or should 
any light be reported as inferior in power, a fine is also 
inflicted. This system is carried to such an extent in some 
places that the fines paid by a company are sufficient to 
pay a fair dividend on the capital employed in lighting a 
small town in England. These concessions are usuaify 
granted for a term, ' in some cases as much as fifty 
years, at the end of which period the town generally 
reserres to itself the right of purdhasing the works, as 
valued by arbitrators named on each' side. 

Formerly, in some places, the established price of gas 
was such, that on the introduction of petroleum lam.'Qa it 
was tantamount to prohibiting the use oi ^-aa. "^ v^ss^^'sai^ 

r3 
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countries, eren at the present day, in important seaport 
towns, where coal costs but little more than in some parts 
of England, 18s. and 20s. per 1,000 feet of -gas are by no 
means, tmcommon prices, and the cost of the public hunps 
is proportionably high. 

It may be observed, however, that there are numerous 
controlling influences which govern the operations and the 
results of gas companies. The first and most important of 
which is the amount of capital; next, the management; 
likewise the consumption, both public and private; and 
even with the high prices stated, from which of the causes 
it may arise we will not pretend to say, but there are many 
companies that do not pay even a moderate dividend. 

The arrangements for lighting towns, so far as regards 
the number of hours, are various. Thus, in many cities 
and large towns, the whole of the public lamps are lighted 
at sunset and extinguished at sunrise, every night, or an 
average of about 4,000 hours per annum ; which, price for 
price, is of course the most profitable system for a gas com- 
pany. By another arrangement, the lamps are not lighted 
during the five or six nights of full moon and those 
immediately preceding and following it. 

Again, according to another system, every hour of 
moonlight throughout the year is taken advantage of, all 
the lamps being lighted in its absence, but are extin- 
guished when the moon rises. On the night of full moon 
and the two nights before and after, they are not lighted 
at all, whilst on five nights of the month, when the moon 
is not visible, the streets are lighted from sunset to 
sunrise. 

By this plan the average number of hours is about 
2,000 per annum. However, it is attended with a con- 
siderable degree of trouble, on accoimt of the great irre- 
gularity of the hours. To illustrate this, the first night 
after the full moon the lighting is of the duration of one 
iour only, and this increases each night until it is con- 
tinued the wliole oi ftio m^\.. W. ^«a. ^fisexoases eat;h 
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night as tte moon rises, nntil the period when the lamps 
are not required at all. 

In some small towns the lanterns are remoyed, and 
the public lighting is dispensed with during six months of 
the year, and is then only employed, the moonlight nights 
excepted, until eleven or twelve o'clock. Besides these 
there are no doubt other systems of contracting which are 
beyond our knowledge. 

The operations of a gas company are of course mate- 
rially influenced by the contract adopted for the public 
lighting. Hence we find, as observed by the continuous 
method, the streets are lighted about 4,000 hours; 
whereas by the last-mentioned plan the number of 
hours does not exceed 600 or 700 per annum, and the 
plant is necessarily augmented considerably for these few 
hours. But the arrangement which influences most the 
magnitude of the gas store is where the lights are re- 
quired for five or six nights in succession, and afterwards 
their consumption gradually diminishes, until for a cor- 
responding number of nights no gas whatever is consumed 
by the public lamps. Under these conditions the storage 
must be very large, in order to permit the carbonizing 
operations to be continuous, and to keep up the supply 
when the heavy Hghting occurs. 

The capacity of the gas storage, and indeed the whole of 
the plant, is also materially influenced by the latitude of the 
city or town where the works are situated. For instance, 
in some tropical cities and towns the day and night are of 
almost uniform length through the entire year, in some 
places with a variation of two or three minutes only, the 
sun rising at six o'clock in tlie morning and setting at the 
same hour in the evening. But beyond the tropics, both 
north and south, as we approach the poles, a considerable 
degree of irregularity in the hours of daylight and night 
occur; and in the most extreme points where gas-lighting 
is employed the longest night or day is of about seventeen 
hours' duration. Thus, under the sania ^QnDL^\Jtfyas»> ^^ ^^"^ 
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continuous lighting throughout the night, a works for a given 
** make " would be required much smaller for a tropical town 
than for one in the north, where the whole of the plant is 
only in active operation during six or eight weeks in the 
year. Hence we learn that the table which is frequently met 
with in works on gas, which professes to give the number 
of hours the public lamps are lighted during each month 
of the year, can only be applicable to towns in one par- 
ticular latitude. 

According to the care observed in giving a proper supply 
to the public lights, so will any company's interests be 
affected. Thus, if the quantity contracted to be supplied 
to each lamp be, say, 5 feet an hour, and 
through the negligence of the employes, 6 feet 
are consumed by each burner, it is then 
obvious that a serious loss must be experi- 
enced. This- at one time was to some extent 
excusable, but "VNdth the various descriptions of 
lamp regulators at our command at the present 
day, the desired supply to the public lamps, 
whether consuming 4 feet, 4J feet, 5 feet, or 
other similar quantities, can be assured within 
a small percentage ; and as the variation in 
the instruments is both against and in favour 
'^' ' of the company, the aggregate gives a very 
close approximation to the exact quantity consimied. 

There are various kinds of lamp regulators, the dia- 
phragm description, of which already mention has been 
made, also the rheometer, and disc regulator, all of which 
are adjusted to deliver any definite quiantity of gas ; and a 
further advantage they possess is that the pressure is 
reduced to the point at which the gas yields the greatest 
amount of light. 

The regulator called the rheometer consists of a small 

bell, with its corresponding conical valve working in its 

seat, which is attached to the outer case. The case con- 

tains a quantity oi glycexm^, m ^\Mi \Xia bell works. 
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Hence the bell being acted on by the pressure^ closes the 
aperture of the valve, and thus supplies the quantity of 
gas for which the instrument is adjusted. 

The disc regulator is also well adapted for street lamps. 
This consists of one or two discs, according to the method 
of the manufacturer, inclosed within a cylinder, and so 
adjusted that, whilst the disc moves with freedom, only a 
very small portion of gas can escape at its periphery. 
Attached to the disc or discs, is a valve, the action being 
similar to the diaphragm reg^ator described ; indeed the 
disc replaces the diaphragm. The Borradaile regulator is 
shown half size in section, in Fig. 74. a is the outer case, J 
the disc, which floats freely in its cylinder when submitted to 
a heavy pressure, and closes the aperture at the top of the 
cylinder c, whilst the orifice in the centre of the disc is made 
to deliver the necessary quantity. These regulators have 
only been introduced within the last three or four years, 
since which period they have come into very general use, 
alike in the Metropolis as in the provinces, and fulfil all 
the desired requirements, whilst their cost is moderate. 

With lamp regulators no practical difficulty is experi- 
enced in adjusting the supply of gas to any desired 
quantity; moreover, by their use, the pressure of the gas is 
reduced to that degree, when the maximum amount of light 
is evolved by the gas, and any irregularities in the flame, 
by an increased pressure from the works, are prevented. 

The system of applying meters to the public lamps has 
been tried by several gas companies as well as by parish 
and other local authorities. In some instances a separate 
meter has been attached to each lamp, but more generally 
the average meter system is adopted ; that is, instead of a 
meter being attached to every lamp it is attached to every 
twelfth lamp, and by the indication of this the average 
consimiption of the others is determined. 

The meters employed for the purpose are by preference 
wet, which are often made expressly, of larger diameter 
and much narrower than the oxdmarj ^Ito^^^^s^'sfikS^^ss.^ 
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although of the same measuring capacity. Each of 
these meters has its dial on the top, and is enclosed in a 
cast-iron box ; thus on opening the box the index can be 
observed. Its inlet and outlet protrude from the two 
sides of the box. Means are provided for charging the 
meter, as well as to allow any excess of water to flow 
from it. When placing these meters an excavation is 
made near the base of the lamp column of a depth and 
size sufficient to receive the cast-iron box containing the 
meter, and leaving a space of a few inches between the 
top of the box and the level of the paving. The meter 
being placed, it is connected to the supply service which is 
continued to the lamp, when the whole is covered by a 
cast-iron plate let into the footway or pavement. 

This system has been adopted by a few parishes in the 
metroi)olis, who claim to effect some economy by it ; which, 
however, we believe to arise from the extra care observed 
with the burners, both as regards the quantity consumed 
as well as in the hours of burning. Before the application of 
the lamp regulator such a plan might have been desirable, 
but with the recent marked improvements made in that 
instrument, in our opinion the lamp meter is tmnecessary. 

Recently some improvements have been introduced in 
the construction of the street lantern, and not before they 
were required. Foremost among the absurdities retained 
is the method of fixing the glass in the lantern frame by 
means of putty, which has outlived the epoch, when 
the lamplighter used to run up a ladder to light or ex- 
ting^sh a burner, which he could do with a fiftieth part 
of the labour by the lighting rod. On the Continent 
the means of securing the glasses in a lantern with putty 
is quite imknown, and that material might be necessary 
were it required to prevent air passing. The method 
there generally employed in making, glazing, and fixing 
lanterns, is certainly preferable to the English system, which 
will be understood by Fig. 75, representing an ordinary 
street lantern. At each, oi \\a lava ^TVist^ ia soldered a 
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jt-inch round iron wire of somewhat greater length than 
^e height of the lower part of the lantern. These wires 
are screwed at each end for the purpose of receiving the 
brass knol>a shown at the top and 
hottom of the comers. The frame is 
made in the usual maimer, but at 
each comer is a groove formed of tin 
plate of about | inch deep and of the 
width to receive the glass, which is 
generally 22 ounce. The glass being 
cut to the size is placed in its corre- 
sponding groove, when it is secured by 
a thin piece of lead, which is soldered 
to the top of the frame. The door is 
glazed in a similar manner. For the 
top of the lantern the grooves are 
placed on the outside, the glass is 
introduced at the bottom, and retained in its place by two 
thin pieces of soft lead soldered beneath the glass, which 
are readily bent over to hold it in its position. 

By these means the use of putty is avoided ; the glasses 
can be cleaned with the same facility as when puttied, and 
in the event of a broken glass, another can he replaced in 
an instant. A great improvement recently introduced into 
some of the London lamps is to make the tops of white 
opal glass, which, whether viewed in the daytime or by 
gas-light, is far superior to the clear glass ; moreover, it 
serves to reflect the light on to the pavement. 

The unsightly iron frames which are used for our street 
lamps, and are sufficiently strong to carry a hundred 
times the weight they support, are also superseded by the 
French cromllon. This is a cast-iron cross-piece, having 
a hole in the centre sufficiently large to allow it to be 
placed on the lamp column, which effected it is secured by 
a set screw. The croisillon is shown in elevation in the last 
engraving beneath the lantern. Its arms are about ^ inch 
thick, each terminating with, a W\,ton,, ■^Ssrt'!R&. -*r*iB- ^ 
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small hole, the four holes corresponding with the wires 
forming the frame of the lantern. Thus the upper is 
secured to the lower part of the lantern by screwing the 
four knobs on the top, and on the lantern being placed on 
its croisiUon, it is secured by the four knobs at the bottom. 
Other advantages of this system consist in the facilities 
afforded for package, as all the tops or bottoms of the 
lanterns '' nest " together. The glasses are sent separate, 
and a lantern is glazed in a few minutes. Lastly, the un- 
sightly wrought-iron bracket, so often met with in towns 
of the United Kingdom, should give place to others of a 
more ornamental character, the cost of which would be 
unimportant. In short, the great improvements introduced 
in the designs of our gas establishments, in our public 
buildings and streets, as well as the ornamental character 
of gas fittings, chandeliers and globes in our dwellings; 
demand an improved appearance, in the lanterns, brackets 
and columns, in our thoroughfares, which would im- 
doubtedly contribute to the further progress of gas- 
lighting. 



CHAPTEE XXIV. 

CONCLUDING REMARKS. 

The Vanoufl Alterations made in Gas Manufacture — Visits to Various 
Gas-works, and their Results — The Evil Effects of the Dip- 
Pipe— Quiescent State Necessary for the Purification of Gas — 
Propelling Gas through Mains — Compressing Gas in Holders. 

Since the first issue of this work twenty-seven years ago, a 
marvellous change has taken place in the manufacture, 
distribution, and the numerous applications of gas. In 
that period, by the general introduction of clay retorts, the 
system of carbonization has been materially improved, and 
by which the yield of gas from a given quantity of coal 
has been increased at least 17 per cent. ; as with iron retorts 
the average yield was 8,600, whereas with clay retorts it is 
10,000 feet per ton of coal carbonized, which is accom- 
panied with a considerable reduction in the fuel account, 
as well as in the expenses of labour, and wear and tear of 
the apparatus. 

The magnitude of works has increased at least tenfold, 
and of course the consumption of gas has followed in the 
same rate. 

The "unaccounted" for gas or loss by leakage, which 
was then estimated at from 25 to 30 per cent., is now on 
the average not more than 7 or 8 per cent., and in some 
cases is as low as 4^ per cent. 

The value of the residuals, and particularly ammonia, is 
better appreciated, and that which was formerly alLo^^^ 
to flow to the sewer or sea, conBtitutea aiiVECLTiOT\».'£^H^^3C^'^^ 
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the profits of a company. On this point, howeyer, much 
remains to be accomplished. 

The false means of eyaluing the illuminating power of 
gas by its specific gravity has been discarded, and a 
positive method of arriving at that knowledge adopted, 
and proper burners and glasses are now being introduced, 
by which the f tdl amount of light is obtained from the gas. 
These and innumerable other improvements have been 
introduced in the period stated, and no doubt the future 
editor of this work will in due course have vastly more 
important matters to lay before the notice of the members 
of the gas profession. 

The result of these changes has been the more extended 
use of gas ; and gas property which at the time we first 
referred to, was of a very doubtful character, has now 
become one of the most secure and profitable investments, 
and may it long continue so. 

During the progress of the present volume the author 
has had occasion to visit about one hundred gas-works of 
various magnitudes, from the largest in the world at 
Beckton, to the diminutive establishment producing one 
million feet per annum; and he avails himseK of the 
present opportuniiy of thanking the various engineers and 
managers for their universal kindness, in their recep- 
tion, and candour in making known their various systems 
and ideas. 

Our connection with the art of gas manufacture com- 
menced more than a generation ago — a period when 
engineers, or superintendents, often lacked an ordinary 
rudimentary education ; and with their restricted views, 
appropriated to themselves a degree of learning and know- 
ledge, which like the mysteries of the alchemists were kept 
profoundly secret; and to this end in the majority of gas- 
works no official was permitted to pass beyond flie porter's 
lodge, the point of separation between the administrative 
and the productive. "Whereas the gas-engineer or manager 
of ibe present day is of a very superior order, possesses 
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more extended views, and has a good knowledge of all that 
concerns his metier. Among them many have, in a manner 
of speaking, been educated in a gas-works from their 
clyldhood ; others have followed some mechanical business 
which adapts them to their career ; and not a few have 
received excellent education, are fair chemists, and have 
been articled for a number of years to some gentleman who 
holds, or has held, a superior position in the gas world. 
Therefore, under these circumstances, it is not surpriong to 
find the present generation of gas-engineers so far superior 
to their predecessors, and that the urbanity to which we 
have referred should have been a natural consequence. 

The result of these visits and the interchange of ideas, 
has confirmed us in most of the views we have expressed in 
this work, except so far as regards condensation and the pro- 
duction of naphthaline ; on these two points especially there 
appears to be some diversiiy of opinion. While, however, 
a few engineers still adhere to the method of sudden con- 
densation of the vapours passing off with the gas, the 
larger majority adopt the system of gradually effecting that 
process. Nevertheless, by the observations we have made 
we are more convinced than ever that rapid condensation 
is conducive to the formation of naphthaline ; but by what 
means that compound is formed besides the explanations 
we have endeavoured to give, at the present day is shrouded 
in mystery. 

The evil effects of the " dip " in the hydraulic main, by 
absorbing the hydro-carbons and impoverishing the gas, 
is much more generally recognised than we anticipated ; as 
we have recently heard from some of our most intelligent 
and eminent engineers the beneficial results both in the 
quality and in the quantity of the gas obtained from a 
given quantity of coal, by the means they have employed 
to dispense with the dip ; which we are disposed to believe 
will lead to most important beneficial results to the rising 
generation. 

Among the gentlemen who are giving the question their 
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serious attention are Messrs. Tangye Brothers and Holman, 
G. Livesey, Ganden, and Wates, each of whom has a 
special contrivance to attain the desired object. 

During our visits at various works, we were surprised at 
the large purifiers adopted, which generally exceed the 
dimensions herein defined. This, however, if we dis- 
reg£u:d the capital employed, can only be beneficial, inas- 
much as gas in a state of repose, deposits its impurities 
with greatly increased facility ; and should evidence be 
required to confirm this assertion, it exists in the fact that 
when gas is passing rapidly through a very small purifier, 
it is not purified. Nature requires repose in numerous 
of her operations, thus a tank containing water, when 
subjected to any vibration, the impurities continue sus- 
pended in the liquid, but on permitting the liquid to remain 
in a quiescent state they are deposited. Again, when 
water is in rapid motion, it will not freeze unless the tem- 
perature be exceedingly low, but the instant it is in a 
tranquil state, the crystals are rapidly formed, and a part 
of the water assimies the solid state. And we venture to 
believe that both these illustrations point to the necessity 
of having the gas in a state of repose during its purifica- 
tion in the ordinary sense of the term, that is when being 
deprived of its sulphuretted hydrogen, carbonic add, 
ammonia, and sulphur compounds. 

Moreover, we believe that any sudden action by which 
these impurities are eliminated, must be accompanied with 
a corresponding evil. We were led to this conclusion on 
a recent occasion, on observing an apparatus in which 
the ammonia was suddenly removed from £he gas, when 
in the course of six months only, the connection, an 18-inch 
pipe, was haK filled with naphthaline and tar. 

Among the innovations being introduced into the manu- 
facture of gas, are the means of heating the furnaces with 
the gases generated by the combustion of coke, which is 
the subject of extensive experiments at the South Metro- 
politan Gas Works and promises to be highly successful. 
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On a recent visit to those works we were surprised fti iiup 
extraordinary success of the brick retorts which nto ox* 
clusively employed there. 

Another important application of gases is nuuli^ hy 
Messrs.', George and Anthony Bower in their improrod 
process of preserving iron, which differs from that already 
described. The following is the method of procedure 
now adopted, and which answers most satisfactorily: — 
The articles are first of all heated, and acted on for a cer- 
tain period by the products of combustion largely mixed 
with air from a peculiarly constructed furnace burning 
slack or smaU. coal. In this way a coating of magnetic 
oxide is formed dose to the surface of the iron, but this is 
often slightly covered with red oxide. The admission of 
air to the furnace is then so arranged by a suitable 
apparatus that a stream of carbonic oxide is passed over 
the articles for a short time, when the red oxide is very 
speedily reduced to magnetic oxide. 

The indefinite method of selling coke by the sack with- 
out strictly regarding its dimensions, is now superseded at 
many works by the adoption of the measure mentioned in 
page 80. When referring to the quantity of coke employed 
and produced, in the preceding pages, it is always in- 
tended to be the heaped bushel, of three to the sack ; but 
heap measure is no longer legal, thus the sack becomes 
four strike bushels. Many engineers prefer to sell coke 
by weight, others prefer to sell by measure. There are 
difficulties attending the two methods ; one the amount of 
humidity absorbed by the coke, the other the variation in the 
quantiiy according to its size. For instance, twelve sacks 
of coke, as ordinarily obtained from the retorts, when broken 
to the size of a small orange, as practised by some com- 
panies to facilitate its combustion, is reduced to ten sacks. 

At various times it has been suggested to propel the 
gas through the mains ; Clegg at one period entertained 
the idea of making gas at Newcastle, and propelling it 
through tubes to London by means of exhausters placed 
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at intermediate Btations. The practicability of this was 
never questioned, but there arose the important conside- 
ration how to dispose of the coke resulting from the 
carbonization; for, as is well known, the value of that 
important residual, depends materially on the position of 
the works where the coke is produced. Thus in populous 
neighbourhoods coke finds a ready market, but from its 
fragile nature it is deteriorated materially, by transport ; 
both of which circumstances were obstacles to the realisa- 
tion of Clegg's project. However, the method of propel- 
ling gas through mains has been forced on the attention 
of The Gas Light and Coke Company, by reason of their two 
4-feet mains being insufficient for the supply ; and in order 
to avoid the expense of a third main, arrangements are 
now being made, to fix the necessary apparatus for the 
purpose of forcing the gas to London. It is anticipated 
that a pressure of 12 inches at Beckton will be sufficient 
to meet all requirements, or at least for a time. After- 
wards probably the pressure will be materially augmented, 
and eventually it is highly probable that gas-holders will 
be formed hermetically tight, similar to steam-boilers, and 
the gas compressed to any required degree, to be distributed 
as occasion may require. Circimistances favourable to 
this system are the present cheap rate of motive power, 
the facilities existing for making the apparatus, and the 
fact that with closed holders, 30 cubic feet may be com- 
pressed into the space of one foot. Thus according to 
this plan a holder of littie more than a capacity of 30,000 
feet would contain 1,000,000 feet of gas. 

However, in developing this system it would probably 
not be necessary to compress the gas to less than one- 
tenth of its ordinary volimie, which would demand a 
forcing power equal to 150 lbs. on the square inch. The 
nominal value of breeze which could be employed as fuel 
to produce the power is favourable to this process. 
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Anthracite coal, 56 

Argand burner, 318 

BAKFF'S (Professor) process of 
preserving iron, 90 
Barometrical mfluence on gas, 

360 
Beckton Works, 82 
Bisulphide of carbon, 52 
Bituminous coal, 56 
Black, Dr., discovers carbonic 

acid, 11 
Boiling stoves, 331 
Bower, George, his process of 

preserving iron, 90, 296, 385 ; 

specifications of apparatus for 

gas-works, 214 
Boyle's experiments, 5 
Bray's " enamel" burners, 324 
Breeze, 271 

Burners and glasses, 317 
Burners, the kind employed, 318 ; 

diminished light evolved by 



reduced consumption, 321 ; 
Sugg's concentric argand, 323 ; 
Witham's, 323; necessity for 
employing the regulator, 326 

CAKING coal, 56 
Candles for photometer, 225 

Cannel coal, 57 

Capital employed in gas-works, 
87 

Carbonic acid, 51 ; test for, 365 

Carbonic oxide, 48 

Carbonization, temperature neces- 
sary for, 68 ; deposit of carbon 
in retorts, 71 ; means of re- 
moving it, 71 ; anti-dip pipes, 
72; White's automatic valve, 
73 

Carbo-sulphur compounds, 171 

Carburating gas, 351 

Cast-iron tanks, 196; specifica- 
tion, 197 

Cavendish, his discoveries, 11 ; 
invents the pneumatic trough, 
11 

Charge for retorts, 69 ; significa- 
tion of term, 70 ; duration of, 
69 

Cheerful Stove, 329 

Chemistry, origin of the term, 2 

Chemistry of gas-lighting, 31 ; 
chemical elements, 33 ; nature 
of gases, 35 ; oxygen, 36 ; hy- 
drogen, 37 ; nitrogen, 39 ; car- 
bon, 40 ; sulphur, 41 ; com- 
bination of the elements, 42 ; 
symbols, 43; chemical formu- 

l8B, 43 
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Oliimneys or fitacka of retort- 
house, 96 

Clay retorts, gradual adoption, 
101; different forms of, 103; 
an exhauster necessary with, 
103; defects of, 105; prices of 
setting, 106 

Clayton's, Dr., experiments, 6 

^^^SSi erects a gas-works at 
Sowerby Bridge, 18; engaged 
as engineer of the Chartered 
Co., 24 ; his inventions, 24 ; 
invents a meter, 298 ; in part- 
nership with Crosley, 299 ; pro- 
posed to make gas at Newcastle 
to supply London, 380 

Coal, used in gas-making, 54; 
origin of coal, 54; coal un- 
known to the ancients, 55 ; its 
use forbidden in London, 55; 
patents obtained in conjunction 
with coal, 56 ; various kinds of 
coal, 57 ; cannel coal, 57 ; com- 
position of coal, 58 ; Lewis 
Thompson's analyses, 61 ; 
Paterson's analyses, 62; His- 
lop's analyses, 64 ; coal dete- 
riorates by storage, 66; the 
necessity for carbonizing dry 
coal, 69 

Coke, 255 

Coke vault, 90 

Competition among companies, 29 

Composition of gas, 44 ; the illu- 
minants, 45; the diluents, 47; 
the impurities, 49 ; ammonia, 
50 ; carbonic acid, 51 ; bisul- 
phide of carbon, 52 

Composition of gas, 53 

Compound tanks, 199 

Condenser, the object of the, 140; 
air, 141; annular, 143; Ma- 
lam's, 143 

Congreve's meter, 299 

Consumers' meters, 299 

Cooking stoves, 333 

Cotton-mills lighted by Clegg, 18 

Cowan, his pressare changer, 253 ; 
station meter, 223 ; improved 
meter wheel, 309 

Crosley's pressure register, 249 

Orossley's gas-engine, 336 



DAMPS first named, 5 
Defries, his dry meter, 314 

Dempster & Sons' design of tele- 
scopic gas-holder, 212 

Diluents, 47 

Dip-pipe, if desirable, 72 

Distillation of coal, 67 

Distribution, 273 

Dry lime purification, 156 

Dry lime purifiers, 273 

Dry meter, first invented by 
Malam, 313 ; described, 314 ; 
Kichards' dry meter, 315 

ELECTRIC light, 355 
Emission of gas at White-, 
haven, 9 
Enamel burners, 324 
Endosmose and exosmose, 275 
Engines, gas, 336 
Equitable London Co. established, 

28 
Estimates of capital, 87 
Exhauster, the object of, 135; 

Beale's exhauster, 136 ; various 

kinds, 136; Korting's, 137; 

necessity for avoiding undue 

exhaustion, 138 
Exhaust register, 138 
Explosions of gas, 339 

FIRE-BARS, 77 
Flow of gas through pipes, 
table of, 283 
Foul lime, 272 
Foul oxide, 272 

Fuel required for carbonizing, 77 
Furnaces, 77 

GAS, unknown to t^e ancients, 
2 ; first discovered, 4 ; named, 
4 ; the name generally adopted, 
11 

Gas explosions, 339 

Gas company first established, 
22 ; works erected, 23 

Gas-holder invented, 13 ; wooden 
vats used for tanks, 179; de- 
scribed, 180 ; tanks, 182 ; brick 
tanks, 183; specification of 
gas-holder tank, 186; stone 
tanks, 188; composite tanks. 
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190 ; concrete tanks, 191 ; com- 
pound, 199; constmction of, 
205 ; counterbalance weights 
for holders, 206 ; engraving 
of, 208 ; telescopic holders, 
209; water lute, 211; draw- 
ing of telescopic holder, 212 ; 
Mr. Wyatt's proposed holder, 
213 

Gk>rdon patents the compression 
of gas, 29 

Governor, its object, 240 ; de- 
scribed, 24 1 ; district governor, 
243 

Grip of gas-holder, 211 

HALES, Dr., his experiments, 7 ; 
Henry, Dr., confirms Mur- 
doch's priority to the applica- 
tion of gas, 14 

Hislop's imalysea of coal, 64 

Hot plates, 332 

Hydraulic main and valves, 127 ; 
the dip pipe, 129 ; hydraulic 
valves, 131 ; slide valves, 133 

Hydro-carbon gas, 349 

Hydrogen, 37 

Hydrometer, ^67 

rPEEIAL (London Company) 
formed, 25 

Imperial Continental Company 
established, 27 

Impurities of gas, 49 

Inflammable air, name given to 
gas, 12 

Iron retorts, their evils, 99 ; use- 
ful in small works, 100 ; their 
expansion, 100 

JESSOP relates an accident by 
explosion, 10 

I/ING'S turned and bored joints, 

A. 277 

Kirkham's scrubber, 150 

LAVOISIER, his discoveries, 
1 1 ; discovers the composition 
of air, 12; invents the gas- 
holder, 13 
Leakage of mains, 291 



Lttfion obtains his patent, 15; 

lights a house in Paris with 

gas, 16 
Leoni & Co., their ** Adamas " for 

burners, 324; their kitchener, 

334 
Light obstructed by glasses, 325 
Lime purification, wet, 163 ; dry, 

156 
Livesey, George, his washer, 147 ; 

large tank constructed by, 193 
London Company formed, 28 
Lowe's jet photometer, 235 
Lowther, Sir James, describes an 

emission of gas, 8 

MACBRIDE verifies Black's 
experiments, 1 1 

Maoquer adopts the name of gas, 
11 

Magic formerly a study, 3 

Miuns, firstkind laid, 278 ; Cham- 
eroy, 274 ; table of weights of, 
277; table of cost of laying, 
280 ; tables of the discharge of 
gas through, 283 ; large mains, 
leaking from, Beckton, 289; 
stoppages in, 293 

Malam, his condenser, 143 ; his 
central valve, 159; his meter, 
299 

Map of gas-works and district 
essential, 289 

Meter, as first constructed by 
Clegg, 298 ; Malam's, 299; Sur 
Wm. Congreve's, 299 ; descrip- 
tion of wet meter, 301 ; Wright's 
arrangement, 307 ; Wametand 
Cowan's meter, 309; cont4n- 
gencies of the wet meter, 811 ; 
the motive-power meter, 312; 
the dry meter as invented by 
Malam, 313 ; Defries' meter, 
314 ; Richards' meter, 815 

Methven's substitute for photo- 
meter candle, 236 

Metropolitan Gkis Referees, 59 ; 
their instructions for testing 
gas, 231 ; test argand bumei 
defined by the, 234 

Morton's air-tight lids, 70 

Motive-power meter, 312 
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Murdoch, his first experiments 
with gas, 13 ; his experiments on 
coal, 14 ; he lights part of the 
8oho works, 15 ; he lights the 
premises of Phillips and Lee, 
17 ; is awarded Count Romford's 
medal, 19 

NEWBIGGING, his tahle of 
prices for laying mains, 280; 
his tahle of the cost price of 
mains, 294 
Keumann demonstrates the per- 
manent nature of gas, 9 
Newton, Sir Isaac, anticipates the 

evolution of light from gas, 8 
Nitrogen, 39 

OHBEN, M., ohservations hy, 
335 
Oil Gas Company proposed, 28; 

portahle gas, 27 
defiant gas, 45 
Ounce liquor, 257 
Oxide of iron purification, 165; 

means of emplo3ring, 167;^ to 

determine the value of oxide, 

168 
Oxygen, 36 ; test for, 366 

PALL MALL first lighted with 
gas, 22 
Paracelsus first produced gas, 4 
Paris first lighted with gas, 27 
Paterson, his analyses of coal, 62 
Phillips and Lee, their premises 

lighted by gas, 17 
Phoenix Gas Company established, 
25 ; measure of a coke sack, 80 
Photometer explained, 226 ; draw- 
ing of, 228 ; method of employ- 
ing, 230; instiTictions of gas 
referees, 231 ; means of making, 
232 ; numbers on scale of, 233 ; 
jet photometer, 235 
Plan of works, 85 
Portable Gas Company, 27 
Portland cement, qualities of, 194 
Pressure, how to estimate, 247 
Pressure gauge, 247 ; register, 

249 ; indicator, 250 
Pressure register, Crosley's, 249 ; 



Wright's, 250 ; automatic pres- 
sure changer, 253 

Prices of station meters, 222 

Priestley discovers oxygen, 11 ; 
his experiments, 12 

Public lighting, 368 ; concessions 
for, 369; variable conditions, 
370 ; different methods of sup- 
plying gas, 371 ; lamp regula- 
tors, 372; lanterns, 375 

Puddle, 186 

Purification of gas, the condenser, 
139 ; air condenser, 142 ; Ma- 
lam's condenser, 143 ; scrabber 
and washer, 145 ; washer, 146 ; 
tower scrubber,'^149; Kirk^am's 
scrubber, 150 ; wet lime, 152 ; 
dry lime, 156; dry lime puri- 
fiers, 160 ; oxide of iron, 165 ; 
to determine the value of oxide, 
168 ; sulphate of iron and lime, 
170 ; sulphur compounds, 171 ; 
Metropolitan Gas Beferees' 
method of testing for sulphur, 
173; to prepare test papers, 
175; test for carbonic add, 
177. 

Puzzolana, 185 

QUALITY of gaa of various 
towns, 53 

RECEIVERS or syphons in gas 
mains, 290 

Begulator — ^its object, 244; wet 
regulator, 244 ; dry regulator, 
245 ; necessity for the, 326 

Hetorts and retort settings, 99 ; 
the evils of iron retor^ 100 ; 
precautions with them, 101 ; 
clay retorts, 101 ; various forms 
of, 103 ; necessity for exhauster, 
103 

Betort settings, 107 ; iron retort 
settings, 111; drawing of set- 
ting of one iron retort, 112; 
drawing of setting of three iron 
retorts, 113 ; drawings of set- 
tings of one, two, and three day 
retorts respectively, 116; of 
three clay retorts, 117 ; of five 
clay retorts, 120; of five clay 
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retorts, 121 ; of nine dlay 
retorts, 121 ; of sevein clay 
retorts, 124 ; of six day retorts, 
124 

Bicbards' treatise on gas, extracts 
from, 60, 168, 186„ 297 ; his dry 
meter, 314 

Rutherford discovers nitrogen, 12 

SCRUBBER— the object of the, 
145 ; the tower scrubber, 149 ; 
Eirkham's scrubber, 150 

Services, 295 ; system of preserv- 
ing, 296 

Shirley's experiments, 6 

Site for gas-works, 81; railway 
siding, 82 ; river transport, 82 ; 
improvements in gas manufac- 
ture, 83 ; plan of works, 85 ; 
retort house, 88 ; coal store, 
93 ; purifying house, 94 ; meter 
house, 95 ; governor house, 95 

South Metropolitan Company 
established, 28 

Specific gravity of gas, 364 

Specifications of cast-iron tank, 
197 

Specifications of gas apparatus, 
214 

Station meter, necessity for, 220 ; 
capacities of, 222; Cowan's, 
223 ; at the London Gas Com- 
pany, 224 

Steatite burners, 324 

Sugg, his burner, %30 ; his con- 
centric argand, 322 ; his steatite 
burner, 324 

Sulphate of ammonia, manufacture 
of, 255 ; value of, 267 

Sulphur compounds, 170 

Sulphur test, 171 

Sulphuretted hydrogen, 49 

TABLE for correcting the 
volume of gas, 237 ; of 
specific gravity, &c., 258 ; of 
weights of cast-iron mains, 277 ; 
of cost of laying mains, 280 ; 
delivery of gas from mains, 
283 
Tanks of gas-holders— of brick, 
182; specification of, 186; 



stone tanks, 188, 190; com* 
posite, 190 ; concrete, 191 ; cast- 
iron, 196 ; specification, 197 ; 
compound, 199 ; annular, 201 ; 
conditions, 203 

Tar, employed as fael for the 
furnaces, 78 ; its uses, 269 

Taylor obtains a patent for oil 
gas, 25 

Telescopic gas-holders, 209 

Temperature, effects in carboniz- 
ing, 68 ; effects on the volume 
of gas, 261 

Test-papers, means of making, 
175 

Thompson, Lewis, his analyses of 
coal, 61 

TTNACCOUNTED for gas, 281 

VALON, holder and tank 
erected by, 193; 8ex)arate 
chimneys for each setting 
adopted by, 98 
Valves, hydraulic, 131; slide, 133 
Van Hclmont discovers gas, 4 
Various applications of gas, 326 
Various controlling influences on 
gas, 360; barometrical pressure, 
361 ; temperature, 68 
Various methods of producing 
light, 347 ; Mansfielas patent, 
847; water gas, 348; carbur- 
ating gas, 351; Gillard's light, 
351 ; air gas, 353 ; electric 
light, 355 

WARMING stoves, 327 
"Warner and Cowan's 
meter, 309 
Washer, 146 ; Livesey's, 147 
Water gas, 348 

Watson, Dr., his experiments, IC 
West's stoking machinery, 75 
Westminster Bridge first lighted 

with gas, 24 
Wet lime purification, 152 
Wet meter described, 301; con- 
tingencies of, 311 
Whimster, his estimate of tLd 
value of ammonia, 268 
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Winsor, his first acquaintance 
with gas, 16 ; his public exhi- 
bition, 16 ; obtains a patent, 19 ; 
agitates the formation of a gas 
company, 20 ; lights Pall Mall, 
22; succeeds in establishing 
the Qm Light and Coke Ck)m- 
pany, 22 

Witham's burner, 32d 



Woodall, C, his large holder, 
206 

Wright, his pressure register, 
260 ; his meter, 307 

"Wyatt his plan of works, 87 ; his 
specification for Portland ce- 
ment and concrete, 194 ; his 
conditions of contract, 203 ; his 
design of a large holder, 213 



1>BTXTED B7 VXBTOB AUD CO., XJIOTSD, CITT F.OAD, LOlTDOir, 



• 



ABVEBTISEMENTS. 1 



WILSON'S 

Patented Inventions, 

FOB 

INCREASING THE QUANTITY & ILLUMINAT- 
. ING POWER OF GAS, 

DIMINISHING THE COST OF ITS 

PRODUCTION, 

AND REMOVING THE BISULPHIDE 

OF CARBON, 

INCLUDE 

AUTOMATIC THROUGH- WAY DIP-PIPE, 

NEW FORM OF HYDRAULIC MAIN, 

REMOVABLE FURNACE, 

CHAMBER RETORT LID, 

APPARATUS FOR PURIFYING CRUDE 
GAS AT HIGH TEMPERATURES. 



APPLT FOR TASTIOVIAMS TO TEE SOLE LICENSEES 

AND IIANVFACIXTREBS, 

The Pulsometer Engineering Co., 

LIMITED, 

Offices : 61 & 63, QUEEN YICTORU STREET, 

LONDON, E.O. 



U ADYEBTISBMENTS. 



WEST'S PATENT SYSTEM OF 
CHABGINQ BETOBTS. 



The merits of the system are numerous. The most im- 
portant, however, are that it effects 

A GBEAT SAVING IN BETOBT PLANT, 

AND AN 

ENORMOUS SAVING IN LABOUR. 

The system can be seen in operation at Maidstone on 
application to the Manager ; also at Manchester on applica- 
tion addressed to the Chairman of the Gas Committee at 
the Town Hall. Enquiries may be addressed to the Managing 
Director, West's Gas Improvement Company, Limited, 
Maidstone ; to the Consulting Engineer, E. P. Spice, Esq., 
M. Inst. C.E., 21, Parliament Street, London, S.W. ; or to 
F. W. Hartley, Esq., A. Inst. C.E., Engineer and Analyst, 
65, Millbank Street, London, S.W. 



WEST'S GAS IMPROVEMENT CO., 

LIMITED, 

MAIDSTONE, 

ARE ALSO THE SOLE MANUFACTURERS OF 

WHITE'S PATENT 

The only Perfect Self-acting Substitute for the 
Dip and Hydraulic Main, 



W. G. Z. Co., Limited, are prepared to estimate 
for Gas-Works Plant generally, including Retort 
Settings. 
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TV ADTESnSBXEHTBc 



IMPROVED GAS -MAKING. 



WEST'S PATENTED SYSTEM 

OF 

CHARGING & DRAWING RETORTS 

Has been in operation with complete success at the Gas- 
Works of Maidstone, Richmond, Ipswich, Portsea, Tonbridge 
Wells ; and at the Rochdale Road Station, Manchester (for a 
production of upwards of Two Millions per day). Also at 
the South Metropolitan in a new house, for nearly the same 
make per day, and will very shortly be in use at Burnley, 
while its adoption at an early period at other London and 
large Provincial Gas-Works is under consideration. 

Four Companies, after thoroughly testing the merits of the 
system, have given Orders for Second Sets of Machines, in 
order to work a greater number of Retorts on West's System. 

THE ADVANTAGES OF THE SYSTEM ABE 
ABSOLUTELY ESTABLISHED. 

At Maidstone, under ordinary and easy conditions of 
working, during many months past, the average production 
per ton has been 11,054 cubic feet from Newcastle Coal, 
which under good working on the old system yields 9,500 
to 10,000 cubic feet. The Illuminating Power has been 
nearly Fifteen candles, very small percentages of Cannel 
being used now and then. The yield per Mouthpiece has 
been over 8,000 cubic feet per twenty-four hours, with Fifty 
per cent, reduction in labour cost, while the Fuel Account 
compares favourably with that of large, well-managed 
Companies. 



ADVERTISEMENTS. V 

W. & B. COWAN, 

(ESTABLISHED 1827,) 

WET AND DRY GAS-METER MANUFACTURERS, 

LONDON, MANCHESTEE, Am> EDINBUEGH. 



SPECIALITIES. 



ORIGINAL LICENSEES AND MANUFACTURERS OF THE 

WARNER AND COWAN METER, 

Which is admitted to be the most reliable and only con- 
tinuously accurate measurer of gas. 



SOLE LICENSEES AND MANUFACTURERS OF 

THE AUTOMATIC PRESSURE CHANGER 

{Wm. COWAIPS PATENT), 

This is the only instrument whereby the pressures of the 
Governor may be varied ^without personal attention, and 
during a whole week, to suit the requirements of the 
locality. 



DRY GAS-METEKS IN TIN CASES, 

Station Meters, Governors, Pressuvel^eg^^Xftnx^^vi^^^'s.^^^' 



Vi ADVEBTlSEllEKtd. 

KIRKHAM, HULEH, & CHANDLER, LIMITED. 

PATENT 
"STANDARD" WASHEB-SCBUBBEB, 



POR 



GAS PURIFICATION, 

Takes out every Trace of Ammonia, and a Larsre 

Quantity of Carbonic Acid, and Sulphuretted Hydroeren, by 

once passingr througrh the Machine. 

AMMONIACAL UQUOB OBTAINED OF ANT REQUTBED STBENQTH. 

The cost of the Machine defrayed by the Ammonia obtained in 
Twelve Months, It requires very little attention^ and cantwt get out of 
order. 

These Machines have been supplied to the following Ghis-Works :— 

The Gaslight Company, London— 

Beckton 5,000,000 feet per day. 

Bromley 7,000,0Q0 „ „ 

St. Pancras . 3,000,000 „ „ 

Bradford Corporation 1,000,000 „ „ 

Bremen 160,000 „ „ 

Buxton Local Board 250,000 „ „ 

Dnkinfield Local Board 500,000 „ „ 

DrifBLeld Company 100,000 „ „ 

Goole Company 250,000 „ „ 

Glossop Company 300,000 „ „ 

Holywood Company 125,000 „ „ 

Heywood Local Board 600,000 „ „ 

Leeds Corporation 2,000,000 „ „ 

. Leominster Company 150,000 „ „ 

Maidstone Company 1,000,000 „ > „ 

Phoenix Gas Company, London — 

Greenwich 2,500,000 „ „ 

Yauxhall 1 3,000,000 „ „ 

Woolwich Equitable Company .... 400,000 „ „ 

Yeadon Company 600,000 „ „ 

And many others are in course of construction. 



For FriceSf Testimonials^ and further particulars, address 

KIRKHAM, HULETT, & CHANDLER, LIMITED, 

69 A 60, Falaoe Chambers, Bridgre Street^ Westminster, 



XiOlSCDO^,^.'^. 
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KIRKHAM, HULEH, & CHANDLER, LIMITED. 

PATENT 

"STANDARD" WASHER-SCRUBBER CO. 



The following are a few of the Teatimonials received from .eminent 
engineers respecting the efficiency of the "Standard" Washer- 
Scrubber : — 

« Phoenix Gas light Company, Oreenwioh, S.E., 
Messrs. Kirkham and Hersey, '* December 19th, 1879. 

" Gentlemen, 

"In aooordanoe with mv promise, I now write to say that toot 'Stan- 
dard' Washer-Scrubber is purilymg 100,000 cubic feet p|er hour (the quantity 
it was made for) direct from the condensers, bye-passing the whole of our 
scrubbers, which not being needed, have been standing still since the * Standard ' 
Washer was put in use. Not a tract of ammonia can fre di»covtrtdy either by 
turmeric or red litmua paper. The difBerenoe in pressure between the inlet ana 
outlet is only one inch. 

(' I need scarcely say, after the above, how perfectly satisfied I am. 

" I remain, Gditlemen, 

" Yours feithftiUy, 

"(Signed) P. J. WATES, 
"Engineer." 

*' Messrs. TTirkhaTn and Hersey, " Leeds Corporation Gas- Works, 

" Gentlemen, " Au^rost Uth, 1879. 

" I have pleasure in stating that the item appearmg as income derivable 
from ammonia, in my estimate of revenue for current year, is not an exaggeration. 
Our average income ftova. ammonia is 2s. 8d. per ton of coals carbonized, but at the 
Works, where your invention is in use, we derive not less than 3». per ton. 

" Since the introduction of efficient scrubbers at our works, the greater 
yield of this product (now twice as valuable as coke to us) is such that the cost 
of apparatus for extraction can be wholly paid for out of from nine to twelve 
months' gains. 

"I am, Gentlemen, 

" Yours fWthfWfe 
"(Signed) H. WOODALL." 



" Woolwich Equitable Gas Company, 
Gentlemen, " Noyember 1st, 1879. 

" In answer to your enquiry respecting the * Standard ' Washer erected 
here in September last. I beg to say that it has been in constant operation sinoe 
October 1st, and is worMng very satisfactorily. 

" We sell over 24 gallons of 10 oz. liquor per ton of coal carbonized, and 
depend upon your Washer to extract the whole of the ammonia, which is accom- 
plished in a highly efficient manner, without leaving a trace at the outlet The 
Washer requires little power to driye it, while the difference of pressure between 
the inlet and outlet is less than half an mch. 

*' I consider it a very valuable machine, and have little doubt that it will pay 
for the outlay in a very short time ; and shall be pleased to show it to anj one 
who may be in want of such an apparatus, when its capabilities can be appreciated. 

"I am, Gentiemen, 

"Yours faithfully, 
" (Signed) W. WHITE, 
Messrs. Kirkham, Hulett, & Chandler. "Engineer." 



" Messrs. Kirkham and Hersey, " Heywood Local Board, 

" Ctentlemen, " December 1 st, 1879. 

" I beg to say that the scrubber is at work and doing well. I shall be 
glad to show it to any enquirers. 

" Yoms truly, 
"(Signed) EDWABD B^<i^5*'^^\_^x> 



ADTBBTISCUBNIS. 



THREE PRIZE UKDAL8, 
PARIS, 187e. 



THREE PRIZE MEDALS, 
PAEIS, 187a 



JOHN RUSSELL <fc CO., L^, 

MANXTTACTUBEES OF CHAITSELIEIIS, 




LOBBY LAMPS, 
Pendants, Brackets, 

GEIIERAL. GAS FITTING: 

FOE HOME AND 
EXPORT. 



Head London and 
Export Office— 



PATENT 
QLOBE HOLDERS, 

NEW I'ATBNT 

LEVEK OOCK, 

Far Hut § Cold Water. 



145, Queen Victoria 
Street, E.C. 



WE HAVE 
THE BELMONT CHANDELIER WORKS, BIRMINOHAU, 

THE CYCLOPS IRON WORKS, WALSALL. 



For Ihe prodnclion ot oeir i 
Special Tiibei and Fitlinge, C 



ALMA TDBE WORKS, WALSALL, 



THE OLD PATENT TUBE WORKS, WBDNBSBTJRT, 

Forcertain SpeoiBliiieio! To\K«,!»iABBiu\'(nWe(ieN' 



»•• ranuuMI ta% worlwd n»3 MiiTSisbV-Bui ™£ii» is 
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THREE PRIZE MEDALS, 
PARIS, 1878. 




THREE PRIZE MEDALS, 
PARIS, 1878. 



JOHN RUSSELL & CO., L^, 

MANUFACTURERS OP 

WROUGHT-ntON TUBES & FITTINGS 

OF EVERY DESCRIPTION FOR 

QAS, STEAM, WATER. AND OTHER PURPOSES, 

BARFF MAGNETIC TUBES. 



Well-boring 
Tubes, 

Hydraulic 
Tubes, and 
Fittings, 

Steam Coils of 

every 

Description 

made 

to Ordei\ 




yNELDED FiANQEJ0INT7tmEDlkEM^£^ 



ll|\\|\u^ 



:t\\i|\\\|i 



6r/\v TuBev" 




Bo/LERi Tube, 



Hoop, Bar, 

and Merchant 

Iron, 

Tools, Stocks, 

Dies, and 

Taps, 

Gun Metal 

Cocks, Valves, 

and General 

Steam and 

Water 
Fittings, 



HEAD LONDON AND SHIPPING OFFICE: 

145, QUEEN VICTORIA STREET. 



MANUFACTORIES. 

Alma Tube Works, Walsall ; 

The Old Patent Tube Works, 
Wednesbnry ; 

Cyclops Iron Works, 
Walsall ; 

Belmont Chandelier Works, 
Birmingham, 



DEPOTS.-LONDON : 

234, Upper Thames Street; 

48, Greek Street, Soho ; 

83, Commercial Street; 
43 & 45, Newington Bntts. 

MANCHESTER: 

35, 36, 37, & 38, Granby St. 

LEEDS -. 

16, Eiliia Cqt>x\., t^^ ^Nx^'^^N- 



T 8 




GEORGE GLOYER & Co^ 

P^kXBSTXBS (XV CUM- 

MTIONAL STMIDARD GMSOMETERS 

For !ai« ftiggirti GovoRnnoBC aoul 9xr t&a Ginniiiiiiiiiiil of 



lad of tiie Ihiplieate Copj fmented by &r K^^ity'f 
fidifenuDtfat t» fl» TauA B i w i ii i — if, 

IMPROVED DRY GAS-METERS, 

W*rnw.«0d td Memtan Cagimetlj mad. not ts wmrr^ 

RANLLAGH WORKS, ROYAL AVENUE, CHELSEA, 

IX>HDOV, S.W* 

1, LANCASTER AYEyUE, MANCHESTER. 



(h/j/K/^n (ru/rKk k Co. beg respeeifiallj to call attention to 
Xhft fact that they have produced a Gas-Meter of greater 
hcenrhey and dnrability than any hitherto mannfactnred, 
and which huH been adopted by the Standards Department 
of the iioard of Trade a« the Standard Dry Test Meter. 

It ift a remedy for all the defects of the Wet Meter. 

It mdHnmen accurately. 

It prevents jumping or sudden extinction of the lights. 

It (loos not require to be opened to put water into it, and 
thus those dangerous explosions are prevented, which too 
frof]Uontly occur, owing to the escape of Gas from Wet Meters. 

It is dioapor and more durable than Wet Meters, not 
being subject to the corrosive influence of water, and it is 
guarniitood to be uphold for five years free of charge. 

iOYAX« AVBKTJEi CH-^U^IS^fiw, VQ^T^^^^ S.W. 



ADVEBTISElfENTB. XX 



ALEX? WRIGHT & CO., 

55, 55% & 56, MILLBANK STREET, 

LONDON, S.W. 

ENGINEEB8 AND MANDFAOTTTRERS OF 

DRY & WET GAS-METERS, 

STATION METERS, STATION GOVERNORS, 

JONES' DIFFERENTIAL GOVEBNOBS, 

For Hilly Diitricti. 

EXHAUST REGULATORS AND REGISTERS, 

FBESSUBE BEOISTEBS, BEOISTEBING OAUOES, 

KING'S GAUGES. 
PRESSURE GAUGES OF ALL KINDS. 



STANDARD LETHEBY 

PHOTOMETERS, 

As approved and used by the " GAS BEFEBEES," 
AND EVERY INSTRUMENT NECESSARY 

FOR GAS TESTING. 



IMPROVED LAMP METERS AND BOXES, 

REGULATORS, COCKS, LAMPS, 

And every requisite for Public lA^VtV-w^ 



I 



MANUFACTURERS OF THE 

"SUN-DIAL" GAS fTnBfci "01" PLATES, 

STOVES FOR i I I^H SUN BURNERS, 

HEATING AND Bl|!ljl|^^^ ASBESTOS GAS 

COOKING, ^/tT^^B^ fires, ETC. 




IlIUBtrated Listi 
Du application. 






ADVEBTISEMBKT8. XUl 



FO&MERLT 

THE GAS TBADB CIBOULAB AND BBVIBW. 

EDITED AKD PUBLISHED BT 

CHARLES W. HASTINGS. 

A Fortnightly Journal devoted to the interests of Gas Manufacture^ Water 

Sitpply, and Sanitation, 
Single Kumber, prioe 4d. ; Post Free, 6d. 
Tennt of SabMxiption for 26 Ittues, Post Free - - • • • St. Od. 
M M »» 18 M f> ----- 4». Od. 

All applications for Advertisements to be addressed to the Publisher. 



THE GAS & WATER COMPANIES DIRECTORY. 

FBOFRIETOR AND EDITOR, 

CHARLES W. HASTINGS. 

Frieej in cloth cover 6*., by post Ss. id. ; in paper covers 3«. 6d.y by post Zs, 9d. 
The most useful book ever published.— ^e« Opinions of ike Press. 

GAS WORKS STATISTICS. 

PROPRIETOR AND EDITOR, 

CHARLES W. HASTINGS. 

This Pamphlet gives the tons of Coal carbonised, make of Gas, price per 1,000 cubic 
feet, price paid for Public Lamx>s, amount of Dividend, &c., for each year. 

Price 2s. ; post free, 2s. Id. 

THE AMERICAN GAS-LIGHT JOURNaI 

A. H. CALLENDEB k Co., Proprietors. O. WAKEEK DRESSER, Editor. 
Terms of Subscription, post free throughout the United Kittgdom, lbs. per annum. 

Agent and Correspondent in London, 

CHARLES W. HASTINGS, 

Who is authorised to receive Subscriptions, and to whom any communications may be 
addressed. Terms for advertising upon application. 

LIST OF SCIENTIFIC BOOKS 

Belatingr to G-as Manufacture, Water Supply, and Sanitation 

Published every Month by 

CHAELES W. HASTINGS. 

All Boohs sent post free, or per rail carriage paid. 

LIST OF NEW AND SECOND-HAND PLANT, 

Compiled every Month by 

CHAR LES W. HAS TINGS. 

FOR FULL PARTICTTLARS ADDRESS 

22, Buckingham Street, Adel^^v^ \.wAss^>'^^- 



O-AS EXBATTSTERS, 



GWYNNE & CO., 
FOB OWTVSE & BEiXE'S FATEVT 0A8 SXHAITSTEBS. 



G'W'TNNE &Co. 



7%< Zargat and Mott 
Ferfeet Exlmutlin} 

Machinery eter pnt- 
dueei, ami M« 
HOST ECOirOMICAI. 

Bothut Working^ RMpaiTt. 




FBTOSS ADD EVERY INFORUATIOK 

GWTHVX ft CO., HTDXtAITLIC ft GAB EZTOZITBEBS, 

ESSEX STREET WORKS, 
VICTORIA EMBANKMENT, LONDON, W-C; 

OWmHE * CO.'S JVnc Catrtlogue of Gm Eztastling <md othir MachoKtyivnottady. 
ICiil Sural onappliralwii. ftv* SiipoiM. 

-PiflMe addMBB in. Mil- 



ADYEBTISElCENTa. ZV 



SAMUEL CUTLER & SONS, 

CONTRACTORS FOR GAS AND WATER WORKS, 

OElTESAIi ENOIITEEBS, ntON rOUlTDEBS, 

ASD MAKUFACTTIBEBS OF 

GAS-HOLDERS, TANKS, PURIFIERS, 
Scrubbers, Valves, Exhausters, Iron Soofs, Bridges. 



CUTLER'S PATENT PURIFIER SIEVES. 

The advantages of these Sieves are — 

Their greatly increased durability over Wood Sibybs, 
especially for use with Linre. 

The Gas comes into contact with every part of the 
Purifying Material. 



Extract from a Letter received from Mr. William Medhubst, Jan., Seeretarjf to the 

Folkestone Oas and Coke Company, 

"The Sieves, I am pleased to tell yon, have given great satisfactiGn, and my 
Directors have decided to fit the three other Purifiers with them." 



Morris and Cutler's Patent Oondensers. 

The power of these Condensers can be regulated at will by the amount of water 
permitted to pass through. Erected and giving great satisfaction at Brentford, 
Tunbridge Wells, Phcenix Gas Works, Greenwich; where its advantages may be 
seen. Mr. Watbs, of Greenwich, has kindly offered to reply to any inquiries 
addressed to him as to its efficiency. 

Cutler's Patent Water Valves 

Are the very best possible as PUEIFIER VALVES ; leakage impossible, most 
easy to work, never get out of order or the worse for wear, and can, if desired, be 
very simply arranged to work the whole or a part of a set of Purifiers in any con- 
ceivable order whatever. Have already been erected and approved at the London 
Gas Works, Nine Elms; Phoenix G^as Works, Greenwich; Maidstone, and Ipswich. 

SAMUEL CUTLEB AND SONS 

Undertake the ENTIRE ERECTION or EXTENSION of GAS and WATER 
WORKS in any part of the World, including Small Works for VILLAGES and 
MANSIONS, as well as of very LARGE EXTENT. They have recently con- 
structed for the Phg&kiz Gas Co. the LARGEST GAS-HOLDER yet ^ected. 



Prices and Full Particulars on Application to 

SAMUEL CUTLER & SONS, 

MILLWALL, LONDON, E. 

Nearest Railway Station, "West India Docks ; or "WooV- 
-nrich Steamer to MlVbs[ai!tX'&V«t. 



I 



ADTEBTiaSUEHIS. 



THE "OTTO " 
SILENT GAS ENGINE. 




This Engine is rapidly replacing steam engines 
up to 20-horse power. 

Average weekly delivery, twenty-five engines 
(including Continental). 

Its use does not affect the rate of Insurance. 

There is No Boiler, and, consequently, no risk 
of a boiler explosion. No trouble from coal, 
smoke, ashes, or dirt. 

It starts at a moment's notice, on lighting a jet 
of gas, and turning the fly-wheel. 



CROSSLEY BROS., 
ilMflCHESTER: Great Marlborough Street. 

LOUDON: U6,Q,T]IXSVU:!t(!iSX^ViTUEET. 



ADVEBTISBMENT8. ZVli 



WILLIAM SUGG, 

GAS ENGINEER, 



MANUFACTURER OP 



PHOTOMETRIGAL APPARATUS 

WITH ALL THE LATEST IMPROVEMENTS. 

Ustimates on Application. 

STANDARD BURNERS OF ALL KINDS. 

SULFHUB AND AMMONIA TESTING 

AFFABATTJS 

(Qas Beferee's Pattern), 

Sulphuretted Hydrogen & Carbonic Acid Tests. 

COMPENSATING WET METERS. 

Consumers' Patent Double Dry Governors. 

PATENT STREET LAMP GOVERNORS. 

Street Lamp Meters for Average Indication. 
IMPEOVED LEVEE COOKS, TOEOHES,Etc. 

PATENT LONDON ARGAND 

BURNERS, 

From, 10 to 1000 Candle-power. 

PATENT CHRISTIANIA FLAT- 
FLAME BURNER. 



VINCENT WORKS, WEST^Am^T^V.,^>H 



Xviil ABVEBTtSEMENTS. 



BRITISH ASSOCIATION OF SCIENCE 



AND 



BRA rS GAS BURN ERS. 

The Committee, formed '' to inquire as to the best means 
for the development of Light from Coal Gas of different 
qualities,'' comprising Dr. William Wallace (Secretary), 
Professor Dittmar, and Mr. Thos. Wills, F.C.S., F.I.C., 
presented their Keport to the British Association of Science, 
at their meeting in August last, and this Report shows that 
of all the two to three score burners reported upon, which 
included the best in the market, 

BRAY'S BURNERS 

3rielded the greatest amount of Light, and had the fewest 
defects, such as ** Smokes," ** Blows," &c., recorded against 
them, and their cost is only from one-third to one-sixtieth 
that of other burners tested. 

BRAY'S "SPECIALS" 

are an improvement on our well-known 

"ENAMEL" REGULATOR BURNERS, 

and are the best for general use. 

BRAY'S PATENT STREET LANTERNS, 

LIGHTING POWER 30 TO 400 CANDLES. 

After the most exhaustive series of experiments, extending 
over twelve months, with the most extensive assortment of 
lanterns of large lighting power ever brought together, the 
Birmingham authorities adopted (April, 1880) BRAY'S 
SYSTEM for their street lighting improvements. 



GEORGE BBAY & CO.'S 

PATENT GAS LAMP & BURNER WORKS, 

BLAOKMAS lAS^, LEEDS. 



ADVEBTiSEMBNtS. XIX 



S. LEONI & CO., 

MANUFACTURERS OP 

FAMILY GAS KITCHENERS, GAS STOVES 

FOB HBATINO, 

BATH AND OTHER BOILBB8, 

FOR WHICH 

ONE GOLD MEDAL, ^ 

FIVE SILVEB MEDALS, 

TEN BBONZE MEDALS, 

Fifteen Diplomas and 

Honourable Mentions^ and 

Certificates of Merit, 






Have boon Awarded in London, 
Paris, Birmingham, Nottingham, 
South Shields, Stafford, and 
other towns. 



Illustrated Catalogues sent free on application by letter. 



ADAMAS WOBES, 
ST. PAUL'S STREET, ISLINGTON, LONDON, N. 

OB, 

74, STRAND, LONDON, W.C. 

ECONOMT IN THE FBODUCTION OF GAS. 



PLUTONIC CEMENT, 

For Jointing and Repairing Betorts and Ovens, 
wlietlier in or out of action. 



A Pamphlet on the advantagies of the above, with modes of Application, Beferences, 
Prices, &c., tree by Post, from the Sole Manufactorer, 

WILLIAM RICHARDSON, 

GAS d HYDRA ULIC ENaiNEER^ 

Charles Henry Street, and Bissell Street, 

BIBMINQHAM. 



Kannfactnrer of Ketorts and Furnace Ironwork ; Hy- 
draulics, Condensers, Scrubbers, Purifiers, Valves, Pipes, 
and Connections. Wrought-Iron Boofs (Galvanised and 
Plain), &c. 



STOUBBBIDGE, 

HAXUFACTCREBS OF 



FIRE-BRICKS, LUMPS, TILES, 

AND EVERY DESCEIPTION OF FIBE-CLAY GOOI>S. 

H.B.-A Stock of 15 and 16-in. dBCXTLAB BETOBTS fdways 
on hand. Other "JHriHa made to order o n Short aotice. 

GEORGE BOWER, 

Gas and Water Engineer and Contractori 

ST. NEOTS, HUNTS. 

Gas ApparatuB supplied for Works of any mag;nihide, from those ndtaUe for 
experimental purposes to those capable of prodncing one milli<A cable feet per day. 

VERTICAL RETORT APPARATUS, 

For small private works, and for testing cosL 

DOUBLE-ACTING RETORT APPARATUS, 

For prodncing Gas from Oil, Besin, Peat, Wood, afiA Coals. 

KETORT FITTINGS, CONDENSERS, SCRUBBERS, ENGINES 

AND EXHAUSTERS, PURIFIERS, STATION METERS, 

OASHOLDERS, 

GOVERNORS, METERS, CENTRAL CHANGE VALVES, FOUR-WAY BY-PASS 
VALVES. AND VALVES OF AU DESCRIPTIONS. 

(Sitahoihtt ^nnhs, in Cast ox SHrxjxight Ixon, 

High-Pressure and Consumers^ Gas Regulators, 

WET AND DRY CAS METERS. 

Apparatus for Lighting Railway Carriages with Gas. 
AIR-LIGHT APPARATUS. 

Lamp Columns^ Shadowless Hexagonal Lanterns on the Interchangeable Principle, 
FlsLUH, Specifications, and Estimates for Gas-Works of any magnitude. References 
to works erected in every part of the world daring the past quarter of a century. 

NOTE. -The second edition of the ^' Gas and Water £ngineer*s Book 
of Reference," and the *' Companion," giving detailed costs, price 58., 
post free. 

JAMES M"" EEL VIE, 
CANNEL COAL MERCHANT, 

HAYKABXST, EDnrBXmGH. 



EstaUUhed 1840. 



r 



EkT FOR THE DUKE OF HAMILTON'S LESMAHAGOW CANNEL GOAL 

Pi'icos and AualyBea oi aVl Vlie Principal Scotch Cannel Goals 



ADVESTIBEiniNTS, XXI 

WOOD SIEVES OR QRIDS, 

FOB FUBIFIEBS AVD SCBITBBEBS, 

Of all deBcriptiooa at tlie lonest prices conaiatent with eic«lleD<^ of 

materittl and workmaaahip. 

SAMPLES AND PRICES ON APPLICATION TO 

J. E. NEWARK, 

BTEABI SAW KILLS AND UANTT7A0T0BT, 
8T0NMT STANTON ROAD, COVENTRY^ 

WAo tuppliei i>ia;ij/ of lAe iargeit Oat C'otnpattie», 



IMPROVED GAS-VALVES 



30 lbs. CD the square ioch before lanviug 
the works, and are kept in stock. 

Alio, ifaken of 

GAS EXHAUSTERS, SCRETV 

■WATER- VALVES, Ac.&c. 




B. DONKIN & CO., 

BEBMONDBET, LOITOOK. S.E. 



ROBERT DEMPSTER & SONS, 

OAS ENGINEERS AND 

CONTRACTORS, 

EOSE MOOTT lEOir WOEKS, 

ELLAND, NEAR HALIFAX, YORKSHIRE. 

[PLEASE ADDRESS LETTERS via NO&MANTON.) 
ENTIEELT DEVOTED TO THE 

MANUFACTURE OF GAS APPARATUS 

At the above Enlarged aDd GommodioaB Fremises. 

Drawings, Specifications, Estimates, and Copies of 
Illustrated Catalogue on application. 

LONDON OFFICES : 

3, SUFFOLK LANE, CANNON ^t.. -^.s:.. 



• • 



XXU ADVEETISEMENTS. 






BRITANNIA BRASS WORKS, 
100 & 101, HATTON GAEDEN, 

LONDON, E.G., 

MANTJFACTUKEES OF 

ORMOLU, BRONZE, AND CRYSTAL GASALIERS, 

PATENT SUN LIGHTS, 

MediSBval Church Coronse, 

TAVERN & JEWELLERS' LAMPS, IRON BRACKETS, 

& LAMP COLUMNS, 

PATENT VENTILATING GLOBES 



AXD 



VESTIBULE LAMPS, 

Gas Stoves, Meters, Silvered Glass Beflectors, Glass 
Window Bails, Iron Barrel and Fittings. 

STOCKS, DIES, AND TAPS. 
VICES, PAT ENT TTJBE-CTJTTE BS, &c., &c. 

H. & CO. HAVE EXTENSIVE SHOW BOOMS FOR THE USE OF 

THE TRADE. 

BY TEE A UTHOR OF TEE PRESENT VOLUME. 
New and Enlarged Edition, 12mo, 48. 6d., Cloth, 

WATERWORKS for the SUPPLY of CITIES & TOWNS, 

With a Description of the Principal Geological Formations of England as 

influencing Supplies of Water, 

By SAMUEL HUGHES, O.E. 

'^ A valuable work of reference to all interested in the supply of 
water to our cities and towns.** — Standard. 

** The book is one which all interested in water undertakings would 
do well to study.** — Journal of Gas Lighting. 

" We cordially recommend it as a competent authority on a subject 
of vital importance.'* — Literary World, 

" Every one who is debating how his village, town, or city shall be 
plentifully supplied with pure water should read this book." — NeiO' 
castle Courant, 

'* One of the most convenient and at the same tiifte reliable works 
on a subject the vital importance of which cannot be over-estimated." — 
Bradford Observer, 

** A handy, useful, and valuable book of reference on the important 
question of waterworks in general and all its surroundings." — Irish 
Builder, 

CROSBY LOOKWOOB & CO., *l, OTATIONEES' HALL COURT, 



• •• 



ADVEBTISEMENTS. ZXIU 



NEW AND STANDARD WORKS. 



A Manual of tlie Alkali Trade, including the Manu- 
facture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. Super-royal 8vo, with 232 Illustrations and 
Working Drawings, and containing 386 pages of text, price 
£2 12s. 6d., cloth. 

Woodworking Machinery: its Bise, Progress, and 

Construction. Illustrated with Examples of Recent Designs by 
leading English, French, and American Engineers. By M. Powis 
Bale, G.E., M.I.M.E. Large crown Svo, 12s. 6d., cloth. 

Aid to Survey Practice, for Beference in Surveying, 

Levelling, Setting-out, and Route Surveys of Travellers by Land 
and Sea, with Tables, Illustrations, and Records. By Lowis 
D'A. Jackson, A.-M.I.C.E. Large crown Svo, 128. 6d., cloth. 

Large Tunnel Shafts: a Practical and Theoretical 

Essay on the Construction of. By J. H. Watson Buck, M. I.C. E., 
Resident Engineer, L. and N. Railway. With folding Plates. 
Royal Svo, 12s., cloth. 

ZSlectric Light : its Production and Use. Embodying 

PJain Directions for the Working of Galvanic Batteries, Electric 
Lamps, and Dynamo-Electric Machines. By J. W. TJrquhart, 
O.E., Author of "Electro- Plating.*' Edited by F. 0. Webb, 
M.I.C.E., M.S.T.E., &c. With numerous Illustrations. Grown 
Svo, 78. 6d., cloth. 

Zilectro-Plating : a Practical Handbook, including 

the Practice of Electro-Typing. By J. W. TJbquhabt, C.E. 
Numerous Illustrations. Crown Svo, 58., cloth. 

Metalliferous Minerals and Mining. By D. C. Dayies, 

F.G.S., Mining Engineer, &c. Numerous Wood Engravings. 
Crown Svo, 128. 6d., cloth. 

The Weight Calculator : a Series of Tables showing 

the Exact Value of any Weight from 1 lb. to 16 tons, from Id. to 
1688. per cwt. By Henry Habben. Third Edition. Imperial 
Svo, 25s., half bound. 

The Student's Text-Book of Electricity. By Henby 

M. Noad, Ph.D., F.R.8. New Edition, carefully revised. With 
an Introduction and Additional Chapters. By W. H. Pbeece, 
M.I.O.E., Vice-President Society of Telegraph Engineers. With 
470 Illustrations. Crown Svo, 12s. 6d., cloth. 

The Commercial Handbook of Chemical Analysis. 

By A. Normandy. New Edition, re-written and enlarged by 
Henry M. NoAD, Ph.D., F.B.JS. Numerous Illustrations. Crown 
Svo, 12s. 6d., cloth. 

CEOSBT LOCKWOOD ft CO., 7, 8tatioxLQT«' HsJW ^^T)L\\)lii«L^ssi^>^«^* 



Xliy ASTEKllJUJtBATS. 



NEW AN D STANDAR D WORKS. 

TIm Water ffnpplj of Cities and Towns. By William 

HcMRCK, A.'M J.C.E., M.LM.E. Bliutiated with npwazds of 
60 J)ouh\ti Platen, and 250 Wood EngiaTiiigi. Impeiial 4to, 
£6 68., half'boimd in morocco. 

Tramways : Tbeir Construction and Workini^. WUh 

8pedal Reference to the Tramwayi of the United Kingdmn. By 
1). K, Clark, M.I.C.E. With niunerons Wood EngxaTings and 
Folding T\aie§. Large crown Sto, 188., cloth. 

LoeomotiTe Engine-Driiing. A Practical Manual for 

Kngineeni in charge of Locomotive Engines. B7 Michaxl 
Kkt JvoLT)8, formerly Loc^motire Inspector, L. B. & 8. C. Railway. 
Fourth Edition. With IlloBtrations. Crown 8to, 48. 6d., cloth. 

TIm Xodol I^ocomotiTe Engineer, Firenuui, and 

Engine Boy. By 3Iichael Rktkolds, M.8.E. With nomerouB 
Illustrations. Crown Sto, 4s. 6d., cloth. 

Stationary Engine Driving. By Michael Beynolds, 
M.H.E. Illustrated with numerons Wood Engravings. Crown 
8vo, 4s. 6d., cloth. 

Hydraulic Tables, Co-efficients, and FormnlaB. For 

finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, Kivors, &c., &c. By John Nevillb, C.E., M.R.I.A. 
'iliird Edition. Revised and Extended. Numerous Llostrations. 
Crown 8vo, 14s., cloth. 

Iron and Steel. A Work for Ironmasters, Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills, Iron Ship and Bridge 
Builders, Mechanical, Mining, and Consulting Engineers, &c., &o. 
]3v Chahleh Hoake. Eighth Edition, iievised and Extended. 
Oblong 32mo, leather, Gs. 

The Iron and Metal Trades Companion. A Calculator 

containing Tables upon a Now and Comprehensive Plan for 
Ascertaining the Value of any Goods Bought or Sold by Weight, 
from 1 lb. to 100 tons, at rates of from one farthing per lb. to 
1128. per cwt. With Useful Rules and other Formulae. By 
Thomas Downir. Oblong 18mo, Os., leather. 

A Book on Building, Civil and Ecclesiastical : inclad- 
ing Church Restoration. By Sir Edmund Beckett, Bart., LL.D. 
Second Edition. Enlarged, with Illustrations. 12mo, 5b., doth 
boards ; or limp cloth, "We ale's Series," 48. 6d. 

Plumbing ; a Text-Book to the Practice of the Art or 

Craft of the Plumber. With Supplementary Chapters upon House 
Drainage, embodying the latest improvements. By WixLiAii 
Paton BuchaKi Sanitary Engineer. 1 2m0| with 300 lUnslTatioos, 
4b. f cloth. 

OEOBBY LOCKWOOD li CO.t \ UXAi'^^ioAiti' Tlsb^il Court, London, I.C 



London, August^ iSSa 

INCLUDING MANY NEW AND STANDARD WORKS IN 

ENGINEERING, ARCHITECTURE, AGRICULTURE, 

MATHEMATICS, MECHANICS, SCIENCE, ETC. 

PUBUSHBD BY 

CROSBY LOGK^WOOD & CO., 

7, STATIONERS-HALL COURT, LUDGATE HILL, E.G. 



ENGINEERING, SURVEYING, ETC. 



Htimber's New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A-M. Inst. 
C.E., and M. Inst M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. 4to, 6/. ds. elegantly 
and substantially half-bound in morocco. 

List of Contents: — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
1 1. Water and the Foreign Matter usually 
associated with it.— HI. Rainfall and 
Evaporation. — IV. Springs and the water* 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VJ. On the Selection of 
the Source of Supply. — VII. Wells.— 
VII I Reservoirs.- IX. ITie Purification 
of Water. — X. Pumps. — XI. Pumping 



Machinery.— XII. Conduits. — XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Description of Plates.- Appeo- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will b« found : — Aberdeen, Hideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



** The most systematic and valuable work upon water supply bitherto produced in 
English, or in any other language .... Mr. Humberts work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises,"— ^w^/w^r. 

Humbef^s Great Work on Bridge Constrtution. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A-M. Inst C.E., and M.Inst 
M.E. Third Edition, with 115 Double Plates. In a.vols, imp. 4to, 
6/. i6s, 6d, half-bound in morocco. 

•• A book— and particularly a large and costly treatise like Mr. Humber't— wMcfh 
has reached its third edition may certainly be said to have established its own 
reputation." — En^neenng. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting oat 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
8f. 6(L doth. \* Trautwine on Curves, separate, y. 

" The text-bode on levelling; in most of our engineering schook and colkses.**^ 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detwl the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Raiding 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels wiSi the amount 
of labour required for, and the Cost of, the various portions of the 
work. By Y. W. SiMMS, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo^ 
with 21 Folding Plates and numerous Wood Engravings, 30X. doth. 
" It has been regarded from the first as a text-book of the subject. . . . Mr. CUuk 
has added immensely to the value of the book." — Engineer. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
John Sewell's Treatise on Steam. By D. Kinnear Clark, 
M.I. C.E. Second Edition Revised. i2mo, \s, cloth. 
" Every essential part of the subject is treated of competently, and in a popular 
stvle." — Iron. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c., &c. By Robert Wilson, C.E. 2nd Edition, 
with Folding Plates, Crown 8vo, sewed, 2s. 6d. 

Bridge Construction in Masonry^ Timber^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of sdect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. 12s. 6d. haU'-morocco. 
" A work of the present nature by a man of Mr. Haskoll's experience, must prove 
invaluable. The tables of estimates considerably enhance its yii\x^**-^En£iHgering. 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis 
Campin, C.E. Cr. 8vo, oblong, 5J. cloth. 
*'^lie^ way in which accuracy is attained, by a simple division of each cross 
Rtction into three elements, two of which are constant and one variable, is in- 
genious. **'^Athenauni. 
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Trmnways and theii' Wo7'king. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Jlcated Water, and Compressed Air; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. Kinni-iar Clark, M. I. C. E., Author 
of * Railway Machinery,' &c., in one vol. 8vo, with numerous Illus- 
trations and thirteen folding Plates, \%s. cloth. 
" AH ioterested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.' " — The Engineer. 

•' Mr. Clark's book is indispensable for the students of the subject."— yA^ Builder. 
** An exhaustive and practical work on tramways, in which the history of this 
kind of locomotion, and a description and cost of the various modes of laying tram- 
ways, are to be lound."— Buiiiiifis News. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, Assoc. Inst. C.E., Author of 
"The Art of Building," &c. With numerous Plates and Wood 
Engravings. Second edition, carefully revised, i2mo, ^s. cloth. 
*' A workmanlike pn>duction, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer." — AthtnteHtn. 

"There is much in the book to render it very useful to an engineer proceeding to 
the colonies." — Engineer. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

GooDEVE, M.A., Barrister-at-Law, Author of **The Principles 

of Mechanics,'* **The Elements of Mechanism," &c. Second 

Edition. W^ith numerous Illustrations. Crown 8vo, 6j. cloth. 

*' Professor Ooodeve has given us a treatise on the steam engine, which will bear 

comparison with anything written by Huxley or Maxwell, and we can award it no 

higher praise." — Engineer. 

••Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 

*' If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their naxiy.** '^English Mechanic, 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By Francis Campin, C.E. 
Second Edition, Revised and Corrected. i2mo, 3^*. cloth. 
" For numbers of young engineers the book is just the cheap, handy, first guide 
they want." — Middlesborough IVeekly Ne-ivs. 

Construction of Iron Beams, Pillar Sy &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, C. E. 
Woodcuts, i2mo, cloth boards, 3x. 
"A very useful and thoroughly practical litde volume, in every way deserving <^^ 
drculatioB amongst working miai^ "^Mining JvtmwL^ 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Hates. Imperial 8vo, &r. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late GEa Watsom 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M.LC.E. Royal 8vo, I2j. doth. SJust published, 
"The standard text book for all engineers regarding skew arches is Wix, Bu:k's 
treatise and it would be impossible to consult a \i«Uex,*'—'EMgvuer. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKSH AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by Samuel Hughes, C.E. Sixth Edition. 
Re-written and much Enlarged, by William Richards, C.E. 
With 72 Woodcuts. lamo, 5J. cloth boards. \Jttst published. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geol<^cal Formations of 
England as influencing Supplies of Water. By Samuel Hughes, 
C.E. New and enlarged edition, i2mo, \s. 6d. doth. . 

Locomotive-Engine Deriving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fourth Edition, greatiy enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. Witii Illustra- 
tions and Portrait of Author. Crown 8vo, 4J. dd. cloth. 
** Mr. Reynolds deserves the title of the engine driver's friend." — Railway News. 
"Mr. Reynolds has supplied a want, and has supplied it well. We can confidently 

recommend the book not only to the practical driver, but to every one who taJces an 

interest in the performance of locomotive engines." — Engineer. 

b> " Mr. Reynolds has opened a new chapter in the literature of the day. This 

admirable practical treatise, of the practical utility of which we have to speak in 

terms of warm commendation." — Atnenaum. 

The Engineer y Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By Michael Reynolds, Author of 
** Locomotive- Engine Driving.*' With Illustrations, and Portrait 
of George Stephenson. Crown 8vo. 4J. dd. cloth. 
" From the technical knowledge of the author it will appeal to the railway man of 
to-day more forcibly than anything written by Dr. Smiles."— JTw^/mA Mechanic. 

" We should be elad to see this book in the possession of every one in the king- 
dom who has ever laid, or is to lay, hands on a locomotive engine— /rrw. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. By M. Reynolds, 
Author of * * Locomotive Eskgova T^tctubs^"" XJn tht press. 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c 
By Charles I*. T. Young, C.E. With numerous Illustrations, 
handsomdy printed, 544 pp., demy 8vo, i/. 4J. doth. 
** We can most heartily commend this book,'* — Engituering^. 

** Mr. Young's book on ' Fire Engines and Fire Brigades ' contains a mass ot 
information, which has been collected from a variety of sources. I'he subject is so 
intensely interesting and useful that it demands coxaidtrAtion."^ BuildiHj^ News. 

Trig(mometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems iu Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal Svo, idr. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3^. 6^. 
" Each table is printed on a small card, which, being placed on the theodolite, leaves 

the hands free to manipulate the instrument — no small advantage as regards the rapidity 

of vtat\iP—EngiH€€r. 

** Very handy ; a man may know that all his day's work must fall on two of these 

cards, which he puts into his own card-case, and leaves the rest behind." — 

A thenauni. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In One Volume, demy Svo, i/. 5^., 
cloth boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal Svo, I2j. 

cloth. \Just published. 

" Many of the methods given are of extreme pracdcal value to tJie mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar 'SbaS.X&,"— Building 
News. 

" Will be regarded by civil engineers as of the utmost value, and caIcula&«!<i\A ^»n^ 
much time and obviate many mistakes."— C^^iirO' GtMrdyux. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D*A. Jackson, A-M.I.C.E. Author of ** Hydraulic Manual and 

Statistics," ** Cannl and Culvert Tables," &c Large crown, 8vo, 

I2J. 6</., cloth. ^ust published. 

" Mr. Jackivon has produced a valuable vade-mecum for the surveycH*. ^ We can 

recommend this book as containing an admirable supplement to the teaching of the 

accomplished surveyor.** — AtAefttrttm. 

'* A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We camiot recommend to the student who knows 
something of the mathematical principles of the ^ibject a better course than to fortify 
his practice in the field uuder a competent surveyor with a study of Mr. Jackson s 
useful manual. The field records illustrate every kind of survey, and will be foimd 
an essential aid to the student."— j&M/'Zr/tn;^ News. 

*' The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and ludd style of writing, renders the book both a very 
useful one and very agreeable to read." — Builder. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc Inst C. E. Crown 8vo, 3J. cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he treats." — Builder. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With lai^e additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working," 
&c., &c. With numerous Illustrations. i2mo. 3J. 6rf. cloth boards. 

" The student cannot fail to profit largely by adopting this as his preliminary text* 
book." — Iroii and Coal Trades Review. 

*' Seems a model of what an elementary technical book should be..*' — Academy. 

Ftiels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of ** A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel—Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I. C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4J. cloth boards. [Just published, 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer. 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 

Two Parts. I. The Art of Constructing Common Roads. By 

Henry Law, C.E. Revised and Condensed by D. Kinnear 

Clark, C.E. —11. "Rtcent ?t^cl\ce in the Construction of Roads 

and Streets : includmg"Pa.\eme.iv\s ol^Vortit^"^^^^ and Asphaltc. 

Bv D Kinnear Claicr, C.^., ^.\.C.^. \^xaa, v- ^'^J^. 

•Buildzfi^ Neivs. 
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Field-Book far Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy bymeans of Straight Edge and Set 
Square only ; LeveUing with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Mtutiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous woodcuts. 4th Edition, enlarged. Cr. Svo.izr. cloth. 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other piuposes, the 
genuine traverse tables existing all the same." — Athetueum, 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.''--AfMi>»^ 
yaumal. 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With- 
numerous Diagrams. i8mo, 2J. dd, cloth. 

" As a really handy book for referoice, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
woik will fmd a great amotmt of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan. 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Instructor in Engineering 

Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 

South Kensington. Third Edition, carefully revised. With upwards 

of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4;. 

" A copy of it should be kept for reference in every drawing office." — Engineering. 
** Indispensable for teachers of engineering 6xvmDg."-^Meehamcs* Magazine, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised and corrected by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of " Ure*s Dictionary of Arts," 
&c i2mo, cloth boards, 6s, 

" The best small technological dictionary' in the language." — Architect 

" There is no need now to speak of the excellence of this work ; it received the ap- 

proxtil of the community long ago. Edited now by Mr. Robert Hunt, and published 

m a cheap, handy form, it will be of the utmost service as a book of reference scarcely 

to be exceeded in value." — Scotsman. 
" The absolute accuracy of a work of this characitx caxv OT\"^\jfc \oA%^^ ^^ -aSxe* 

extensive consultation, and from our examiaauoti \X. ai^v^'ax?. ncpj cqpct^^ "kcA. nw:^ 

complete."— Mining youmaL 
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MINING, METALLURGY, ETC. 

« 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 

MINING. By D.C. Davies, F.G.S., author of "A Treatise on 

Slate and Slate Quarrying." With numerous wood engravings. 

Second Edition, revised. Cr. 8vo. I2J. 6^. cloth, \yust published, 

" Without question, the most exhaustive and the most practically useful w(M:k we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly. "— Mining ypurnal. 

** The volume is one which no student of mineralogy should be without.** — Colliery 
Guardian. 

" The author has gathered together from all available sources a vast amoimt of 
really useful information. As a history of the present state of mining throughout 
the world this book has a real value, and it supplies an actual want, for no such mfor- ■ 
mation has hitherto been brought together within such limited space." — Athenauvi. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, y, 6d, cloth^oards. 
" Mr. Davies has written a useful and practical hand-book on an important industry, 
wth all the conditions and details of which he appears familiar." — Engineering. 

'* The work is illu.strated by actual practice, and is unusually thorough and lucid. 
, . . Mr. Davies has completed his work with industry and skill." — Builder, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. i2mo, cloth boards, ^s. 
** Has the merit of brevity and conciseness, as to less important points, while all 
material matters are very fully and thoroughly entered iato.—Siandard. 

Manual of Mining Tools. 

MINING TOOLS. For the use ot Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo, 3J. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6s. Together, gs. cloth boards. 
" Students in the Science of Mming, and Overmen, Captains, Managers, and 

Viewers may gain practicad knowledge and useful hints by the study ol Mr. 

Morgans* ManvaL'*— Colliery Guardian. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprismg a Treatise on Improved Mining 
Survejdng, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo, 4^. cloth. 
"Contains much valuable information given in a small compass, and which, as far 
a.s we have tested it, is thoroughly trustworthy."— /«>« and Coal Trades Review, 

*^* The above, bound m\ii Thoua.n*s Tables. (See page 20.) 
Price p. 6</.^cloth. 
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Coal and Coal Mining, 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. New edition, revised and corrected. 

i2mo, with numerous Illustrations, 4r. cloth boards. 
" Everv portion of the volume appears to have been prepared with much care, and 
as an ouume is given of everv known cwU-field in this and other countries, as well as 
of the two principal methocU of working, the book will doubtless interest a very 
large number of readers." — >^iKing Joumed. 

Underground Pumping Machhtery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms 
of Pumping Machinery. By Stephen Michell, Joint-Author 
of " The Cornish System of Mine Drainage." 8vo. [/« the press* 
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Pocket Book for N aval Architects& Shipbuilders. 

THE NAVAL ARCHITECTS AND SHIPBUILDER'S 
POCKET BOOK OF FORMUL/E, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, Naval 
Draughtsman, Associate of the Institution of Naval Architects. 
With numerous Diagrams, &c. Fcap., strongly bound in leather, 
with elastic strap for pocket, \2s. 6d, 
*' Should be used by all who are engaged in the construction or design of vessels." 
— Eneinecr. 

*• There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

"Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume." — Athenanm. 

Grantham s Iron Ship-Building, 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest. Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst C.E., &c 2/. 2j. complete. 

'* Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engittetring. 

Pocket- Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N.A. Second Edition, revised and enlarged. Royal 32mo, 
leather, gilt edges, with strap, 4J. 
'* A most useful companion to all marine engineers." — United Service Gazette. 
** Scarcely anyUiing required by a naval engineer appears to hav« V^«&. ^^t^- 
gotten."— /ww. 
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L ight' Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; htokg a Report of 
a Tour of Inspection made in 1873. Bj Major George H. 
Elliot, Corps of Engineers, U.S.A. Illnstiated by 51 En- 
gratrings and 31 Woodcots in the Text 8to, 2Lr. dutb. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, fai Reference to flie 
Preparation of Plans for Roads and Railways, Canals, Hirers, 
Towns' Water Supplies, Docks and Harboois ; with Description 
and Use of Sorveymg Instrmnents. 67 W. Davis Haskoll, C. £. 
With 14 folding Plates, and nnmeroos Woodcats. 8vo, I2x. 6</. doth. 

** A most useful and well arranged book for the aid of a student" — Builder. 

'* Of the utmost practical utility, and may be safely recommended to all students 
who aspire to become cleam and expert sarfcyon.'*—'Mifiimg Jtnamal. 

Storms. 

STORMS: their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By Willtam Blasius. Crown 8vo, lox. (>d. cloth boards. 

Rudhnentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By Tames Greenwood, B.A. New and enlarged edition. 
By W. H. kossER. i2mo, y, cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4^. cloth boards. 

Navigation {Practical), with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Hook, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, 7j. strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Architecture, etc, are published in the 

aboT'e series, 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
RoHKRT Kipping, N. A. Fourteenth Edition. i2mo, 2s. 6d. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By Robert 

Kipping, N.A. Illustrated. i2mo, 3^. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 
with PJates and Diagrams. i2mo, 4J. cloth boards. 
3MRINE ENGINES, A^B ^TY.^^ VESSELS. By Robert 
Murray, C.E. ScvctvWv Ud\\:\ow. iimo^^s^^.O^oith. boards. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. Bjr E. Wyndham Tarn, M.A., 
Architect. With 47 Wood Enfrravings. Demy 8vo. &r. fid, cloth. 

" A rery Taluable book, which we strongly recommend to all students."— ^MUrr. 

'* No architectural student should be wimout this hand-book."— i4n:A//«c/. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; beinff a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. WiCKES, Architect, 
Author of '* TheSpiresand Towersof the Mediseval Churches of Eng- 
land," &c. 31 Plates, 4to, half morocco, gilt edges, i/. u, 
*,* Also an Enlarged edition of the above. 61 Plates, with Detailed 

Specifications, Estimates, &c. 2/. 2s, half morocco. 
" The whole of the designs bear evidence of their beinr the work of an artistic 
architect, and they will prove very valuable and suggestive.— ^»tZi«^ News, 

Useful Text-Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c, &c. By Frederick Rogers, Architect, 
Author of ''Specifications for Practical Architecture," &c. With 
numerous Illustrations. Crown 8vo, dr. cloth. 
"As a text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little voXwm^y'-Standard. 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S. A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray*s Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detail Large folio, with 130 Plates, 
half-bound, 3/. y, 
*,* Originally published in two volumes, folio, at 18/. \%s. 

Vitruvitcs^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S. A, F.R.AS. 
Numerous Plates. i2mo, cloth limp. 5j. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect. New Edition, revised and enlai^ed. By G. 
HusKissoN Guillaume, Architect. i2mo, cloth boards, 4J. 

" Will be found an acquisition to pupils, and a copy ought to be con^dered as 
necessary a purchase as a box of instruments." — Architect. 

" A large amount of information, which young architects will do well to acquire, if 
they wish to succeed in the everyday work of their ^x<AtssAiQVi'*--'Engluh Mechanic, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates^ Ak^a^^ls^M.Xsaw-^a* 
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The House-Owner^ s Estimator, 

THE HOUSE-OWNER'S ESTIMATOR ; or. What wiU it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A. R. I. B. A 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
corrected to present time. Crown 8vo, doth, 3J. 6^/. 
" In two years it will repay its cost a hundred times over.** — Field. 
** A very handy book for those who want to know what a house will cost to build, 
alter, or repair/' — English Mechanic, 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E., Author of "Treatise on Steam Boilers," &c., &c. 
Crown 8vo, 31. td. cloth. 

Civil and Ecclesiastical Btdlding. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S., Chancellor and Vicar- General 
of York. Author of "Clocks and Watches and Bells," &c 
Second Edition, i2mo, 51. cloth boards. 
" A book which is always amusing and nearly always instructive. Sir E. Beckett 

will be read for the raciness of his style. We are able very cordially to recommend 

all persons to read it for themselves. The style throughout is in the highest degree 

condensed and epigrammatic."— 7'//««. 

" We commend the book to the thoughtful consideration of all who are interested 

in the building 9xC*— Builder. 

Architecture, Ancient and Modern, 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN m Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, I2j. 
*^* Sold separately y in two vols,, as follows — 

ANCIENT ARCHITECTURE. Containing Gwih's Vitruvius 
and Aberdeen's Grecian Architecture. Price 6j. half -bound. 

N.B.— Ty^w is the only edition of VITRUVIUS procurable at a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury; and Design, by Garbett ds. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Author of * * Building Construction," &c 
Second Edition, carefully revised. i2mo, ts. cloth boards. 
'* Contains a mass of information ol use. lo the amateur and of value to the practical 
xnajj. '*^English Mechanic. 
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Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, i2mo. 4r. cloth. 
" The chapters on kouse-drainage may be usefully consulted, not only by plumbers, 
but sdso by engineers and all engaged or interestecf in house- building. — Iron. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. \\s, 6d, 
" In this work forty-four sjjecifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects." — BuUdtr, 

Specifi4:ations for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15^. cloth. 

\* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew bemg out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface. 

Designing, Measuring , and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lof. td. cloth. 

" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the 'w<mii.**'—'En£tfutrmg, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners* work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ** Quantities and 
Measurements.'* Second Edition. Waistcoat-pocket size. \s. 6tf, 

Beaton' s Builders^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton. Second Edit. 
Waistcoat-pocket size, ix, 6^. 
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Builder^ s and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK for 1880, containing the latest prices of all kinds 
of Builders' Materials and Labour, and of aU Trades connected 
with Building, &c., &c. The whole revised and edited by 
F. T. W. Miller, Architect and Surveyor. Fcap. half-bound, 41. 



CARPENTRY, TIMBER, ETC. 

♦ 

TredgolcTs Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To whidi 
is added an Essay on the Nature and Properties of Timbor, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c By Thomas T&sdgold, 
C.E. Edited by Pster Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts. In 
I voL, 4to, published at 2/. zr., reduced to i/. 5/. doth. 
" Ought to be in every architect's and every builder's hbrary, and those who 
do not already possess it ought to avail themselves of the new ysDxt. •-'Builder. 

"A work wbwe monumental excellence must commend it wherever skilful car> 
p«ntry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic value."— J?iKii&fiin!^ News, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER'S STANDARD GUIDE. By Richard E. 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreign, witn comparative Values and Tabular Arrangements 

for Fixing Nett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, &c., &c. ; 

together with Copious Information for the Retailer and Builder. 

2nd Edition. Carefully revised and corrected. i2mo, 3^. dd. cloth. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a 

treenail, and throws in, as a makeweieht, a host of material concerning bricks, columns, 

cisterns, &c — all that the class to whom it appeals requires."— j^mj^/uA Mechanic, 

Timber Freight Book, 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By WILLIAM 
Richardson, Timber Broker. Crown 8vo, ts. cloth. 

Tailesfor Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or PacWng-Cases, tcom ?». inches square and 
upwards. Compiled by >Niiaakml 'Bac^jckq^q^^ K^tj.^\sBfcajat. 

Second Edition. Oblong a^o, V- M.^^^^^- «v.v«.«v^ vvt«^^..,v^ 
" Wm nve much labour and c2cu\at\ou to v^a«mfr^»»^ ^^w-^SS^Sl^'^ 
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H or tori s Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Third edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, 5J-. 

Hortofis Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2s. leather. 

Nicholson* s Carpenter^ s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's stands^ work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing by George Pyns. With 74 Plates, 4to, i/. \s. doth. 

Dowsing^ s Timber Merchant* s Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lin^ Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of oUier valuable information. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, y, doth. 

"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess iL" — Hull Advertiur, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, BuUiders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, y, td, cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 

Construction. With Hints on the Management of Saw Mills and 

the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and American 

Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 

1 2 J. 6^. cloth. ^ust publishal. 

"Mr. Bale is evidently an expert on the subject/ and he has collected so much 
nformation that his book is all-sufficient for builders and others engaged in the coa- 
version of timber." — A rckitect. 

"The most comprehensive compendium of wood-vioxVAXv^ ts^^jlOcCvcwtj >«^\«N4«i 
seen. The author is a thorough ma^er of lus subject.'* — BniWinsj News. 
"It should be ia the office of every wood-workinftCactorj"— EngUsH MecKAnv:, 
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MECHANICS. ETC. 
Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 12th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, ^s. bound. 
" As a text-book in which mechanical and commercial demands are judiciously met, 
Tkmpleton's Companion stands yxaxisv^'t^'*— Mechanics^ Magazine. 

** Admirably adapted to the wants of a very lar^ class. It has met widi great 
success ia the engineering workshop,^ as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this Little '9fox\i.**— Building News, 

Engineers and Machinist' s Assistant, 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Orighial 
Matter, by Wm. Templeton. 6th Edition. i8mo, 2J. 6^. cloth. 
"A more suitable present to an apprentice to any of the mechanical trades could not 
possibly be msi^"'— 'Building News, 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in lengdi, 
by I to 108 inches in breadth. For the use of Architects, Engineers, 
Timber Merchants, Builders, &c. By J. Hawkings. Fcp. 3J. 6</. cl. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M.LC.E., &c. With 28 Plates, 8vo, idr. 6^. cl. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : then- Strength, Con- 
struction, and Economical Working. By R, Wilson, C.E. 
Fifth Edition. i2mo, 61. cloth. 
"The best work on boilers which has come under our notice." — Engitteering, 
"The best treatise that has ever been published on steam boilers." — Engineer, 

Power ifi Motion, 

POWER IN MOTION: Horse Power, Toothed Wheel Gearing, 
Long and Short Driving Bands, Angular Forces, &c. By James 
Armour, C.E. With 73 Diagrams. i2mo, 3^., cloth. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DiONYSius 

Lardner, D.C.L., formerly Professor of Natural Philosophy and 

Astronomy in University College, London. New Edition, Edited 

and considerably Enlarged, ^17 ^y.^^kuin Loev^^y, F.R. A.S., &c.. 

Sec. W ith 37 8 lllustxalioTvs, v«i?>\. ?>no , ^s . OiofCcv. 

*'The evolanations throueVvout atestu^vous\>j ^o^v\m,otv^c»^WW^ 

sho^t^^ appHclSSn of the various ^.taucVv^s ol ^^.^ixc^ X^ ^^ v^>x^xx>=^ ^.^^v. 

the practical business o{\i£c."-MimH|: ^(Am^^U 
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MATHEMATICS, TABLES, ETC. 
Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common, 
place Book of Pure and Mixed Mathematics. Designed chiefly 
lor the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves, 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J, R. Young, formerly Profes- 
sor of Mathematics, Belfast Coll. With 13 Plates. 8vo, i/. is, cloth. 
** The engineer or architect wUl here find ready to his hand^>niles for solving nearly 

every mathematical difficulty that may arise in his practice. The rules are in all cases 

explained by means of examples clearly worked out." — Builder. 
** One of the most serviceable books for practical mechanics. . . . " — Buiiding^ News. 

The Metric System. 

A SERIES OF METRIC TABLES, hi which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C.E. 2nd Edit, revised and enlarged. 8vo, \os, td. cl. 
"Their accuracy has been certified by Prof. Airy, Astronomcr-RoyaL''— ^«i/rflfr. 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c, together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William In wood. Architect The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Diffictdt Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F6dor Thoman^ of the Soci^t^ 
Credit Mobilier of Paris. i2mo, Zs. cloth. 
** Those interested in the purchase and sale of estates, and in the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent say\ce."—-Eftgineeriftg. 

Geometry for the Architect , Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rides for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of ** The Science of Building," &c. 
With 164 Illustrations. Demy 8vo. I2J. 6d. clotjj. 

Matliematical Instruments. 

MATHEMATICAL INSTRUMENTS: Thelc Coxv-.\x^Oo.^^. 
Adjustment, Testing, and Use ; com.pns\.xi^ "Dt^'wvcv^, ^^ssjcs.'^jsy^ 
Optical, Surveyings and Astronomical liv?Xr\3LTcveoN.'!». ^1 ^ivT^N 
Heather, M. A. Enlarged Edilion, iox V\ve tc^o^^- ^^^"^ «^^^^^ ^ 
re-written. Numerous Woodcuts. i2mo, V- ^'^^^ 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By F^DOR Thoman, 
of the Soci^t^ Cr^t Mobilier, Paris. 3rd Edit, i2mo, 4^*. 6e/. cl. 
" A very powerful work, and the Author has a very remarkable command of his 
sutject." — Professor A, de Morgtisu 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from \s, per cwt. to Ii2j. per 
cwt., and from one farthing per lb. to u. per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT. Downie. 396 pp., 9^., leather. 
" A most useful set of tables, and will supply a want, for nothing like them before 
existed." — Bitilding News. 

Iron and Steel. 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar,^Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of 'The Slide Rule,' &c Eighth 
Edition. With folding Scales of "Foreign Measures compared 
with the English Foot," and ** fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c." Oblong, 32mo, 6j,, 
leather, elastic-band. 
** For comprehensiveness the book has not its tx^xa\."—Iron. 

Compre/tensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, a^: 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will affi)rd an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harben, Accountant, Sheffield. New 
Edition. Royal 8vo, i/. 5J., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 

for the use of Merchants, Manufacturers, Ironmongers, and others, 

by which may be ascertained the exact profit arising from any mode 

of using Discounts, either in the Purchase or Sale of Goods, and 

the melliod of either Altering a Rate of Discount, or Advancing a 

Price, so as to produce, by one operation, a sum that will realise 

any required pro^t ailei a\\o^\tv^ one or more Discounts : to whidi 

are added Tables oi "Pxo^l ot K^>ra.wt^ \\Qm \V.to qo per cent.. 

Tables of Discount irom \\ to C|%\\»w te.wt.,^Tve^T^\^^\^^^xais- 

sion, &c. , from \ to 10 p« cetvt ^l.^?'^^^^^^^^^^ ^-^^x.n^v 

New Edition, Demy »vo. Ci V-.^^^^^"^^^^^- 
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SCIENCE AND ART. 
Dentistry. — ^ — 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 

? rising also Useful Formula, Tables, and Receipts for Gold 
late, Clasps, Solders, etc., etc. By Charles Hunter. With 
Rumerous Wood Engravings. Crown 8vo, 7j. 6^. Cloth. 
"The work is very practical." — Monthly Review of Dental Surgery. 

"An authoritative treatise We caa strongly recommend Mr. Hunter's 

treatise to all students preparing for the profession ofdentistry, as well as to every 
mechanical dentist."— ^/*^/m yournal qf Medical Science. 

"The best book on the subject with which we are acquainted." — Medical Prat 
and Circular. 

Brewing, 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards \Vright, B.A. Crown 8vo, 3^. 6d. cloth. 

" A thoroughly scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspects." — Morning Advertiser. 

" We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Gold and Gold-Working. 

THE PRACTICAL GOLD- WORKER; or, The Goldsmith's 
and Jeweller's Instructor. The Art of Alloying, Melting, Re- 
ducing, Colouring, Collecting and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
perties of Gold, with a new System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By George 
E. Gee. Crown 8vo, ^s. 6d. cloth. 
" A good, sound, technical educator, and will be generally accepted as an 
authority. It gives full particulars for mixing alloys and enamels, is essentially a book 
for the workshop, and exactly fulfils the purpose intended." — Horological Journal. 
" The best work yet printed on its subject for a reasonable price. We have no 
doubt that it will speedily become a standard book which few will care to be with- 
out." — Jeweller and Metalworker. 

" We consider that the trade owes not a little to Mr. Gee, who has in t«ro volumes 
compressed almost the whole of its literature, and we doubt n >t that many a young 
beginner will owe a part of his future success to a dilijrent study of the pages which 
are peculiarly well adapted to his use."— ClerJbenwell Press. 

" It is essentially a practical manual, intended primarily for the use of working 
jewellers^ but is well adapted to the wants of amateurs and apprentices, containing, 
as it does, trustworthy information that only a practical man can supply." — English 
Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other useful information and memoranda. 
By George E. Gee, Jeweller, &c. Crown 8vo, yj. dd. cloth. 

" This work is destined to take up as good a position in technical literature as the 
Practical Goldworker^ a book which has passed through the ordeal of critical ex- 
amination and business tests with great success." — Jeweller and Metalworker. 

" The chief merit of the work is its practical character. . . . 'VlV«i'SKi^3f^«ci» v^^- 
the trade will speedily discover its merits when thev s\x. Aovitk. Xo ^VoA.-^ \"0* — t-ngUsiv 
Ji^Teckaui't'. >^ 

''This work /brms a valuable sequel to the autViox's Practical <^'jj<*'^*;fj^r 
supplies a want long felt in the silver tnAt.'*— Silver smitKs Trade loiirncv. 
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Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 

Directions for Uie Working of Galvanic Batteries, Electric Lamps, 

and Dynamo-Electric Machines. By J. \V. Urquhart, C. E., 

Author of **Electroplatmg : a Practical Handbook." Edited by 

Y. C. Webb, M.I.C.E., M.S.T.E., With 94 Illustrations. 

Crown 8vo, yj. 6^. cloth. \3^ published, 

" It is the only work at present available, which g^ves in language intelligible for 

the roost part to the ordinary reader, a general but concise history of tne means 

which have been adopted up to the present time in producing the electric lighL"— 

Metropolitan. 

"All important addition to the literature of the electric light. Students of the 
subject should not fail to read W— Colliery Guardian. 

" As a p >pular and practical treatise on die subject, the volume may be thOTOUghly 
recommended." — Bristol Mercury. 

E lectrotypiJtg, etc. 

ELECTROPLATING: A Practical Handbook, including the 

Practice of Electrotyping. By J. W. Urquhart, C.E. With 

numerous Illustrations. Crown 8vo, 5^. cloth. 

"The volume is without a rival in its particular sphere, and the lucid style in 

which it is written commends it to those amateurs and experimental electrotypers 

who have but slight, if any, knowledge of the processes of the art to which they turn 

their attention."— jy^f/^w and Work. 

" A large amount of thoroughly practical information." — Telegraphic Journal. 
** An excellent practical manual." — Engineeritig, 

" The information given appears to be based on direct personal knowledge. . . . 
Its science is sound, and the style is always Aeax.^* —Atftencentn. 

"Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show him or her the way." 
—Builder. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, 4/. lar. 
"A compendious encyclopaedia of military knowledg^e.** — Edinburgh Review, 
" The most comprehensive work of reference to the military and colUteral sciences." 
-"Volunteer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, izs. complete. 

Dye- Wares and Colours, 

THE MANUAL of COLOURS and DYE- WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 

For the Use of Dyers, PnTv\.eis, Br^salters, Brokers, &c. By J. 

W. Slater. Post ^vo, ^s. W. doxV. 

tioa, are practical as weU as iraluabU. — CheiBUt <ma. ur»tg«.. 
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The Alkali Trade — Sulphuric Acid, etc. 

A MANUAL OF Till: ALKALI TRADK, including the 
Manufacture of Sulphuric Aci<l, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations anil Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/ I2J. 6d, cloth. {Just publishcii. 

This ivork provides (i) a Complete Handbook far intending Alkali and Siilf>hnric 
Acid Manu/acturers, and /or those already in the field who desire to itn/nn'r their 
plant, or to become practically acquainted with the latest processes and dc.'eloptnents 
oftJu trade ; (a) a Handy I 'olume which Manufacturers can put into the hands oj 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Syxoi'sis of Contknts. 



Chap. I. Choice of Site and Cicneral 
Plan of Works — II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyritei 
-^IV. The Salt Cake Process-V. Legis- 
lation upon thej NoKtous Vapours Ques- 
tion — VI. ITie Hargrcaves' and Jones* 
Processes— VII. The Balling Process— 
VIII. Lixiviation and Salting Down — 



IX. (,'arbonating or Finishing— X. Soda 
Crystals — XI. Refined Alkali — XII. 
Causiic Soda — XIII. Bi-carbonate of 
Soda- XIV. Bleaching Powder— XV. 
UtiUsation of Tank Waste- XVI. Genentl 
Remarks— Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Leg^islation upon 
the Noxious Vapours Question. 



" The author has eiven the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer, 

** This book is written by a manufacturer for msnufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no lei^s than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details ol this trade receives the fullest attention. The book has been 
produced with i^eat completeness." — At/temrum. 

"The author is not one of those clever compilers wh«, on short notice, will 'rend 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which^ have a most important bearing 
on the successful conduct of alkali works, but which arc generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its puhiicatioa."'— 'Chemical 
Revieiv. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, I2J. dd, cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our r^ers as a 
guide, alike indispensable to the housewife as to the pharmaceutic^i ''^x^jc^aiukis&iar — 
Medical Times, 

"Essential to the analysts appointed under the new kcl. tVvt mo^x. T«.c«oXx««^va» 
are given, and the work is well edited and carefuWv vrtVxtcvu" — Nat»ire. 
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Dr. Lardner's Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ is,, in a new and elegant cloth binding, or handsomely 
bound in half morocco, ^is. 6d, 

OPINIONS OF THE PRESS. 

*' This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of ' common things 'which ever^ well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
m the belief and hope that the desire for instruction and improvement widely pre> 
vails ; and we have no fear that such enlightened faith will meet with disappomt- 
ment" — Times. 

'*A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment.*' — Spectator. 

** The ' Museum of Science and Art ' is the most valuable contribution that has 
ever been made to the Scientific Instruction <^ every class of society." — Sir David 
Brewster in the North British Review. 

"Whether we consider the liberality and beauty of the illustrations, the duurm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable \aesietA,**'— Examiner, 

*»* Separate books formed from the above^ suitable for Workmen^ s 

Libraries, Science Classes, 6r'c, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, Ss, 

THE MICROSCOPE. Contaming Optical Images, Magnifymg 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s, 

POPULAR GEOLOGY. Contaimng Earthquakes and Volcanoes, 
the Crust of the Earth, etc 201 Illustrations, cloth gilt, 2s, 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 25, 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gUt, 2s. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4^. td. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELE.G^X.^\l MODULARISED. To render 
intelligible to all w\io can 'Rea^, VxTt^^tcNAN^ ol ^tcj ^x^^ivous Scien- 
tific Acquirements, t\ie \at\o\\s ^orav% ol TOl^^s^^V^ \x>, ^^ao^si^ 
Operation. 100 lUusXiaXVons, doXYi ^^x, \s. e>d. 
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Dr. Lardnet^s Handbooks of Natural Philosophy. 

*^* The folUrunng five voiumes^ though each is Complete in itself ^ and to he Phk' 
chased separately f form K Co}>\T\,inK iZov^sv. of Natural Philosophy, tf«tf/»>r 
intendea for the general reader wlto desires to attain accurate knowledge pf the 
various departments of Physical Science^ ivithout pursuing them according to the 
more profound methods of matliematical investigation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required by 
the Student f the Engineer, the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Lx)ewy, r.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6j. cloth. 
*'The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout ^ studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post Svo, is. cloth. 
" For those ' who desire to attain an accurate knowledge of phydcal science with- 
out the profound methods of mathematical investigation,' this work is not merely in- 
tended, out well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post Svo, 6j. cloth. 

*' The style is always clear and precise, and conveys instructbn without leaving 
any cloudiness or lurlung doubts behind." — Engineerittg, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5^. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
'AhxalOnXKidi.'*— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, 5^. cloth. 

" The book could not have been entrusted to an3r one better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and bringing up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small 8vo, 550 pages, 9^. 6</., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the -^y^Xxc^—Atheneeum. 

*• We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime science."- Quarterly Journal 
of Sciefue. 

Dr. Lardner^ s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By D?.. 
Lardner. With 520 Illustrations. "Ne^'^ c^\aot^ ^-coaSL '^^^% 

clotb, 7J2 pageSf ys, 6d* 
"WeJuive no hesitation in cordiaHy recoxnmcndVn^tVt."— Educational T\»»ve*. 
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Dr, Lardn4^rs School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition, i voL y, 6d, cloth. 
'* Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physical Science."— ^rt/uA Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner. 

With 190 Illustrations. Second Edition. I vol. y, 6d, cloth. 
" Qearly written, well arranged, and excellently illustrated."— Gon^m^rr'CAnMrAc/r 

Dr. Lardner s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2x. (id. doth. • 
'* One of the most readable books extant on the Electric Telegraph."— i?«^. M^hatUc. 

Electricity. 

A MANUAL of ELECTRICITY ; indudmg Galvanism, Mag. 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 41. doth. 
"The accounts ^iven of electricity and galvanism are not only complete in a scientific 
senses but, which is a rarer thing, are po^ilar and interesting.— Zroiccr/. 

Text-Book of Electricity. 

THE STUDENT^S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, M.I.C.E., Vice-President of the Society ot 
Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo, 
\2s. 6d. cloth. \Just published, 

"A reflex of the existing state of Electrical Science adapted for students."- 
W. H. Preece, Esq., vide ••Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are iiuus- 
pensable. " — A theneeum. 

" An admirable text-book for every student— beginner or advanced— of electricity. ** 
— Engineering. 

•* A most elaborate compilation of the facts of electricity and magnetism. " — Po^ar 
Science Review. 

" May be recommended to students as one of the best texl-books on the subject 
thatlhey can have. . . . Mr. Preece appears to have introduced all the newest 
inventions in the shape of telegraphic, telephonic, and electric-lighting app)aratus.'*— 
English Mechanic. 

" The work contains everything that the student can require, it is well illustrated, 
clearly written, and possesses a good index." — Academy. 

" One of the best and most useful compendiums of any branch of science in our 
literature." — Iron. 

" Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec* 
tricity has grown into an admirable handbook." — Westminster Review. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 

George W. Victor leVawx. Numerous Illustrations. Fcap. 8vo, 

$5. cloth. 

"A valuable contribution to l\ve c\\deuc«ot te^Ni^^ft^. «a.J. ^>&V^^ 
s/veJy of the arguments of those v.\vo v^^^^V^t^^^^J^^^^if^^^ 
Vo real difficulty U shirked, and no aophiatt^ AaVi^>Mi«V»«^ -TK« RocK 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supeniaturally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J. R. Young. Fcap. s^. d. 

Geology. 

A CLASS-BOOK OF GEOLOGY. Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and ** Historical Geology,'' which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tatk. 
With more than 250 Illustrations. Fcap. 8vo, $5. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo,' 5^. cl. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7^. dd. doth. 

Clocks y Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en- 
larged. Limpdoth(No. 67,Weale*s Series), 41. 6</.; dothbds. 5^. dd, 

'* As a popular and practical treatise it is unapproached."— i?^/r>A MecJianic. 

"The best work on the subject probably extant. The treatise on bells is un- 

oubtedly the best in the language. ** — Engineering. 

"The only modem treatise on clock-making." — Horological Journal, 

"^^rammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and Engravings. i2mo, y. 6d. cloth. 
** The book is a most useful risumi of the properties of pigments."— ^MtVU^r. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyists and Imitators. By Philippe D/Cryl, B. A. Cr. 8vo, y, 6d. cl. 

IVoods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rott^Td'a.Tc^. '^^xcC\xw'^ 
Institution. Illustrated with 24 ML-size CcJVouxt^ '^^a.V^'s* % "sJikSi^i 
12 Plain Plates, comprising l54Figare&. ¥0^0, 2.1. \xs. ^•\»Nav^ 
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Delamotte's Works on Illumination & Alphabets, 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, qj. Elegantly bound, cloth antique. 

'* The examples of ancient MSS. recommended to the student, which, with much 
ffood sense, the author chooses from collections accessible to all, are selected with 
ludgment and knowledge, as well as X3^Xjt,**--Atlienaum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. New and Cheaper Edition. Royal 8yo, 

oblong, 25, (xi. ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls Mrith pithy soitences from the 
Decalogue, this book will be yxscf»XJ*-~'Athefueum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c, &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s, 6d, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed." — Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, dr. cloth gUt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Ei^blems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is, 6d, in ornamental boards. 

Wood' Carving. 

INSTRUCTIONS m WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s, 6d, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication." — Athetuntnu 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Times, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, dr. doth. 
%* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 

" Contains a large amount of oxii^ tna.\XeT,^^refca&^ cnwi«<3^^— BuOU^. 

'• Much may be learned, cvcn^J^r those ^\vo Wjbc^ Vms^ Oowi\.w5jaa«^\n\feVM^ 

im^e^^DLiisalof^>mp^^^^ 
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AGRICULTURE, GARDENING, ETC. 
Yatmtt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. \s, half-bound. 

" The standard and text-book, with the fanner and grazier. " — Famur'i Mag€uune. 

"A treatise which will remain a sundard work on the subject as long as British 
agriculture endures." — Mark Laite Express. 

History, Structtire, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W, C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 41'. cloth. 

Prodtutio7t of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart, 
Numerous Illustrations. Cr. 8vo, 5^. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Meat atid Provision Tradei Revievv. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, by R. Scott Burn. With Illustrations. Crown 
8vo, 6j. cloth. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I vol. 1250 pp., half-bound, profusely illustrated, \2s. 
** There is sufficient stated ivithin the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations."— ^^f^TK^^r. 

Amateur Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the C>sSteQx^ ^S. 
Crops, the Feeding of Cattle, Management ol ^iJafcT>«cerj.»'^wii*x^> 
Pigs, &a B/R. Scott Burn. With irametavxaTeijas. ^c^*^«-^- 
"Acomplete introductioa to the whole round oi Iwcuuxi^ V"*-^"^** — ^oltn. o-w-w-^ 



TJu Mamagewiemt cf Estaies. 

'' i.'u^rur. 'jc r,4nitq. r-ssLiorxiies zz ja Jini'i, \fc*fnrafs^ cf Faramn^ 
'4« isf^.tifr <AC 'zi sxraM. imi -fnKr ♦'riii'fc Cuiseicscil oc Acadi^ 
g^gurjiXf ''jfiaau anrf Fim. StiliiliLjr, ;c IGxaiK <ar UmntrncSSie 
LsBU'Jtr »fr.<pt.mi. Lcunaqr:, ir'^sarjrj'M^ is. By BL SCJ^ E^^JK. 

*■ A 797 Mefiu -KkSj^-^iccum. b aura. 2& la-x-s ±e csrs af'amf."' — 'Z-mc^^ 

The Managenunl of Farwu. 

<>;;TLrSf,T O? FA^.W MAXAGEltEyr. and -Jie OEgHEia- 
t>vei '-^^ F 4*m L'/vyir, Trsrlmg -sf ie Geaenl Wj^ z£-li^ Farm, 

r^'>v;r, i.>cr.ju:£uc2l Kar-agsneat cf lie Fsrsl&cMse ^-^ CoCtsscv 
aori tr^r f x^suevcx A^izxuudu Bj ko»ft£K.T >carTT Btt&x, Avtbor 
''/ "O^tluTici ct M.vicr:* Farmcs^^ ic Whi u. i B t n m rs nbtstn- 

Management of Estates and Parens, 

LAS hZ: J KSTATi:S AND FARM MAXAGOIEXT. By 
F. V//f-; }5';k??, A-iithcr of "Oidaacs of Modem FarmiB^" 
KAitfJT *A **T?ut r>«ipiete Grarjcr," &c Widi IDiistrations. 
O/tiAhintf^ fA iLf: ^rx/vt T»o Works in One toL, 6r. half-botiBd. 

Kitchen Gardening. 

YAlilWlS GARDEXIXG MADE EASY. Shcmi^ how to 
yrtysat and lay oat tbe groand, the best means of cultivating erery 
KMjwn XegtiMe and Herb, with aUtnral directions for the 
manafj^ement of them all the year roond. By George M. F. 
(jLKSSY, With Illustrations, i2nio, 2s. cloth boards. 
*' A« a f tikSie to hardy kitchen gardening, tLu book will be foviid tnistwoithy aad 
u<«fttl/'— AVr/A Dritith Agricultitriit. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Cnltnre ot From 
the French of Dc Breuil, revised by Geo. Glexxy. 187 Cuts. 
l2mo, 4f. cloth. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition, with considerable 
Additions, &c., and numerous Illustrations. Cr. 8vo, 5J'. cloth. 
*' A very eood book, and one to be highly recommended as a practical guide. 
The practicju directions are excellent." — Athenaum, 

Gainful Gardening, 

MULTUM-IN-PARVO GARDENING; or, How to make One 

Acxt of Land produce £620 a year, by the Cultivation of Fruits 

and Vegetables ; also, How Vo Cixow Flowers in Three Glass 

Houses, so as to reaWse £il6 -^w ^xvmm OiR^x ^\q^\, ^^ Samuel 

Wood, -ard Edition, xeVvse^i. CT.%No,as.t\Q{0£v. 
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Bulb Culture. 

THE BULB GARDKX, or, How to Cultivate Bulbous and 
Tuberous-rooted P'lowcrinc l*lants to Perfection. A Manual 
adapted for both the ProSssional and Amateur Gardener. Bv 
Samuel Wood, Author of **Good Gardening," etc. With 
Coloured Ulustraiions and Wood Engravings. Cr. 8vo, y. (at cloth. 
" The book contains practical sugi^estionK as to the arrangement of the flowerM, and 
the growth of flo«rer*roots for the trade,a]i well at for amusement." — Snturdtiy Kevitw. 

Tree Planting, 

THE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees, 
Emit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Sam i* EL Wood. i2mo, 2J. 6</. cloth. 

Tree Pruning, 

THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, with the best Method of bringing Old and Worn-out Trees 
into a state of Bearing; also treating of the Pruning of Shrubs, 
Climbers, and Flowering Plants. With numerous Illustrations. 
By Samuel Wood. i2mo, 2s, dd. cloth. \Just ptthlishcd. 

Tree Plaftting, Pruning^ & Plant Propagation, 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samukl Wood, Author of ** (iood Gardening," &c. Consisting 
of the above Two Works in Gne Vol., 5^. half-bound. 

Potato Culture, 

POTATOES, HOW TO GROW AND SHOW THEM. A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, 2j. cl. 
"A well written little volume. The author gives good practical instructions 
under both divisions of his subject" — Agricultural Gazette, 

Hudson s Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT; being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4J. 

Ewart's Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MUL^ TABLES, and MEMORANDA, required m any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ev^tart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 1$, 6d. 
** We consider Hudson's book to be the best rcadv-ttcVoxvet oTiTS«c\X«%T^"a!wKtv:k 
the valuation of land and crops we have ever seen, aivd\Xs coTp^ovDasaoTk. -wv^^^"^- 
Ewart's work greatly enhances the value and usetumcss ol \>^'fe\aL\x«Asx«L^oTkBa. . 
It is most useful as a manual for reference.*'— Nortfc of England Fartney. 
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** A Complete Epitome of the Laws of this 
Country y 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 17th Edition, 
Revised to the end of last Session. Including a Summary of the 
principal Acts of the past Session (1879), viz. : — The Habitusd 
Drunkards Act, the Sale of Food and Drugs Amendment Act, 
The Limited Liability Amendment Act, The Racecourses Licensing 
Act, &c, &c With Notes and References to the Authorities. 
Crown 8vo, cloth, price dr. &/. (saved at every consultation). 

COMPRISING THE LAWS OF 

Bankruptcy— Bills op Exchange— , Wife— Executors and Trustees— Guardian 
Contracts and Agrbkments — Copy- ' and Ward — Married Women and Infants 
RIGHT— Dower and Divorce — Elec- '\ — Partners and Agents — Lender and Bor- 
TiONs AND Registration — Insurance rower — Debtor and Creditor — Purchaser 
— Libel and Slander — Mortgages— and Vendor— Companies and Associations 
Settlements— StockExchangePrac- —Friendly Societies— Clergymen, Church* 
TiCE— Trade Marks and Patents — . wardens — Medical Practitioners, &c. — 
Trespass, Nuisances, etc. — ^Transfer 1 Bankers — Farmers — Contractors — Stock 
or Land, etc. — Warranty — Wills and Share Brokers — Sportsmen and Game- 
and Agreements, etc Also Law for j keepers — Farriers and Horse-Dealers— 
Landlord and Tenant — Master and Ser- , Auctioneers, House-Agents— Innkeepers 
vant — Workmen and Apprentices — Heirs. 1 &c. — Pawnbrokers — Surveyors — Rail- 
Devisees, and Legatees — Husband and I ways and Carriers, &c., &c. 

*• No Englishman ought to be without this book.** — Engineer, 

** What k professes to be— a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution.**— ^^/T* ^ife. 

" A concise, cheap, and complete epitome of the English law, so plainly written 
that he who runs may read, and he who reads may understand." — Figaro. 

*' A useful and concise epitome of the law." — Law Magazine. 

" Full of information, fitly expressed without the aid of technical expressions, and 
to the general public will, we doubt not, prove of considerable worth." — Ecenotnist. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C. Norris. Royal 32mo, cloth, 5J. 
"A neat and concise book of reference, containing an admirable and clearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, %lz.**'— standard, 

A uctioneering, 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, ioj. (>d, cloth. 

House Property, 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By E. L. 
Tarbuck, Archilecl atv^ S\XT\e;jox. Tad Edition. i2mo, 3j. 6d. d. 

'We are glad to be able to xecommenA\t."— Bnilder. 

" The adiacc is thorougWv pt acdaA^'-La'w ^oHrnaL 

Bradbury, J^ae^ . & Oo..TttoX*T%.^«Y»iJ««tVKt%,^..««a. 
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A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 

hiltclM, Butiden, Arluam, and Sjttdtnit gmtraUy^ axvfttl at to tkoM in/trtsttJ 
•ria. l.ifemrr and Scientific InsUtutiotu, CulUia. Schrmu, 






r '■ WEALE'S SERIES includes Teit-Books on almost every branch of 
Science and IndusU?, comprising such subjecu as Agriculture. Archilectura 
and Building, Civil Engineering, Fine Arts. Mechanics and Mecbanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revisioo, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at nhicb they are sold are as low as their excellence is 
- isured.*— -4 mericaB Literary GaittU. 

" Amongst the literature of technical education, Weals's Series has ever 
enjoyed a high reputation, and the additions being made by Messrs. CrosbV 
LoCKWOOD & Co. render the series even more complete, and bring the infor- 
mation upon the several subjects down to the present time." — Mining 
JouTJiat. 

" It is impossible to do otherwise than bear testimony to the value of 
Wbalk's Sekies."— EiigiiMtr. 

" Everybody — even that outrageous naisance ' Every Schoolboy — Itnows 

le merits of ' Wbai^'s Budiuentarv Series.' Any persons wishing to 
_:quire knowledge cannot do better than look through Weale s Series and 
get all Che books they require. The Series is indeed an ineihaustibie mme 
of literary wealth."— TAi Metropolitan. 

" WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in a]l branches of art and science —Public Opinion 
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WEALE'S BirSIHEirTAET SCIEHTIFIC SERIES. 




*«* The volumes of this Series are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated; *bMt the volumes marked 
loiik a X may alto be had strongly bound in cloth boards for (id, 
extra, 

N.B, — In ^ordering from this List it is recommended, as a 
means of facilitating business and obviating error, to quote the 
numbers affixed to the volumes, as well as the titles and prices. 



Ko. ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE— ORDERS—Tht Orders and their ^Esthetic 

Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE—STYLES— Th& History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to tbe 
Present Period. By T. Talbot Bury, F.R.I.B.A., 8tc. Illustrated. 2s. 
%* Orders and Styles op Architecture, in One Vol,^ ^s. 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of tbe 
Greek and Gothic Architects. By £. L. Garbbtt, Architect. Illustrated. » 

%* The three preceding Works, in One handsome Vol,, half bound, entitltd 

*' Modern Architecture," price 6s, 

22. THE ART OF BUILDING^ Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working: Drawings, Specifications, and Estimates. By £. Dobson, 2s4 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By £dW> 
Dobson, M.R.I.B.A. With Additions by C Tomlinson, F.R.S. Illustrated, jU 

2$. MASONRY AND STONECUTTING, Rudimentary Treatise 
on ; in which the Principles of Masonic Projection and their application to 
the Construction of Curved Wing- Walls, Domes, Oblique Bridros, and 
Roman and Gothic Vaulting', are concisely explained. By EdwardDobson, 
M.R.I.B.A., 8cc. Illustrated with Plates and Diagrams. 2s. 6d.# 

44. FOUNDATIONS AND CONCRETE ^^OieiTS', a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Plankin|f, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., 8cc. Fourth Eaition, revised by 
Georgb Dodd, C.E. Illustrated, xs. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, xs. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, 8cc. By G. R. Burnbll, C.E. Eleventh Edition, xs. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, 8cc. By Charles Tomlinson, F.R.S., 8cc. Illustrated. 3s. 

83«». CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charles Tom- 
linson, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Illus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, ^'c: Experimental Essays 
on the Principles ot CoTislmc\\o^m\ m^da^lth a view to their being usanl 
to the Practical BuWdet. 'Bv'Wv\.v\KNi'^\j»»\i. \Sivi&\.t;i.\Ad, xs. 6d. 

f^^gy" y V&^ t indicaies that these vols, may be had strongly bound at ^d, extra. " 
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Architecture, Building, etc., continued, 
116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roger Smiih, M.K. I. B.A., Architect. Illustrated, is. 6<1. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Prick, and 
Tredgold. Illustrated, xs. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, xs. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, xs. 
%• The two Preceding Works in One handsome VoL^ half bounds entitled "Ancient 

Architecturk," price 6s. 
16, X7, x8, 128, and 130, in One Vol., entitled " Ancient and Modern ARCHmc- 

TVK'B,,*' half bound, 12s, 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Serai- detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2S. 6d.t 

IS6. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers*, Plumbers\ Painters*, Paper- 
hangers', Gilders', Smiths', .Carpenters', and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. xs. 6d. 

175. LOCK WOOD ^ CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, for x88o. containing the latest Prices of all kinds of Builders' 
Materials and Labour, and of all 1 rades connected with Building : Lists of 
the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 48. 

182. CARPENTRY AND yOINERY—TnK Elementary Prin- 
ciples op Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, G.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M J^. Numerous Illustrations. 3s. 6dJ% 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. ; 
cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

wick. New, Revised, and enlarged Edition. By G. Huskisson Guillaumb, 
Architect. With numerous Woodcuts. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of Hoase-Painting, the Formation of Letters and Practice of 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, 8cc., 8cc. With 9 Coloured Plates of 
Woods and Marbles, and nearly X50 Wood Engravings. By Ellis A. 
Davidson. Second Edition, carefully revised. 5s. clo^ limp; 6s. cloth 
boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING, 

In Six Sections : General Principles ; Arch'Drawing, Cutting, and Setting ; 
Pointing ; Paving, Tiling, Materials ; Slating and Plastering ; Practical 
Geometry, Mensuration, 8cc. By Adam Hammond. Illustrated, xs. 6d. 

191. PLUMBING, A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Second Edition, enlarged. Containiu^ -jaici Vccvaa\x^Ysj>a.. 
By W. P. BucHAN, Sanitary Engineer. 2>^. e>d.\ V?^^^ ^^bU ^lved^ 

TAe t indicates thai these vols, may be had strongly bound at ^^» ext ro^ 
7, stationers' hall. C0\JKT, -LUIiOKT^ ^W^> "^"^^ 
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Architecture, Building, etc., continued. 
192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandy. 
Second Edition, Revised, is.t 

205. THE ART OF LETTER PAINTING MADE EASY, By 

J. G. Badbnoch. Illustrated with X2 full-page Engravings of Examples, is. 

[Jusi published, 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and the Great Pjnramid, 
and Dimensions of many Churches and other Great Buildings. By Sir 
Edmund Bfckbtt, Bart., LL.D., Q.C., F.R.A.S., Chancellor and Vicar- 
General of York. Second Edition, enlarged, 4s. 6d,% [^ust published. 

CIVIL ENGINEERING, ETC. 
13. CIVIL ENGINEERING, the Rudiments of. By Henry 
Law, C.E., and George R. Burnbll, C.E. New Edition, much enlarged 
and thoroughly revised by D. Kinnear Clark, C.E. . [Nearly" ready. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. * By G. 

Drysdalb Dempsby, C.E. [New Edition in preparation. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdalb Dempsby, C.E. New Edition. Illustrated. 2s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK, By JOHN 

George Swindell, A.R.I.B.A. New Edition, by G. R. Burnbll, C.E. xs.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, zs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
•tructions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 
8o». EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. ,New Edition. 2s. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details ot Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s4 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 
197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by Henrv 
Law, C.E., revised and condensed by D. Kinnear Clark, CE. ; II. Recent 
Practice, including pavements of Stone, Wood, and Asphalte, by D. K. 
Clark, M.I.C.E. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — x. Some of the more Common Forms of 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. A useful 
book for Members of Local Boards and Rural Sanitary Authorities, Health 
Officers, Engineers, Surveyors, 8cc. By Charles Slagg, A.I.C.E. 2s« 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samubl 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by WiluaM 
Richards, C.E. With 72 Illustrations. 4s. 6d.t [Jtist published, 

213, PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward "DoasoN, kssoc. Ixvst. C.E., Author of " The Art of 
Building," &c. ^s.^.X {.Just published. 

1^^ The X indicatet that thtie voU. may lit Hod strongly bound at (ad- txtni. 
LONDON : CKOSBV \,OCWNOaO KSQ CQ., 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES^ the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
JosBPU Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr. 

Lardnbr. Illustrated, xs. 6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Bbckbtt (late Edmund Bbckbtt Dbnison), LL.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th), with very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as appHed to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S» 8cc. New Edition, Illustrated. 284 
98. PRACTICAL MECHANISM, the Elements, of; and Machine 

Tools. By T. Bakbr. C.E. With Remarks on Tools and Machinery, by 

J. Nasmyth, C.E. Plates. 2s. 6d.t 
114. MACHINERY, Elementary Pnnciples of, in its Construction and 

Working. Illustrated by numerous Examples of Modem Machinery for 

different Branches of Manufacture. By C. D. Abbl, C.E. zs. 6d. 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules at length, and Examples for the Use of Practical Men. By 

T. Bakbr, C.E. Illustrated, xs. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Mpdelling, Pattern -Making, Moulding, Tumine. Filing, Burnishing, 

Bronzing, &c. With copious Receipts, numerous Taoles, and Notes on Prime 

Costs and Estimates. By Waltbr Graham. Illustrated. ^%.X 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. By J. G. Winton. Illustrated, js.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d4 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By Jambs Armour, 
C.E. With 73 Diagrams. 2s. 6d.t 

167. THE APPLICATION OF IRON TO THE CONSTRUCTION 

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. By 
Francis Campin, C.E. Second Edition, revised and corrected. 2s. 6d.t 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engrineer, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich. Third Edition. Illustratea 
with 7 Plates and nearly 350 Woodcuts. 3s. 6d4 

190. STEAM AND THE STEAM ENGINE, Stationary and 
Portable. Being an extension of Mr. John Sewell's " Treatise on Steam.** 
By D. K. Clark, M.I. C.E. Second Edition, revised. 3s. 6d4 

200. FUEL, its Combustion and Economy; being an Abridgment of 
"A Treatise on the Combustion of Coal and the Prevention of Smoke," by 
C. W. Williams, A.I.C.E. With extensive additions on Recent Practice in 
the Combustion and Economyof Fuel— Coal, Coke, Wood, Peat, Petroleum, 
&c.— by D. K. Clark, M.I.C.E. 2nd Edition. 3s.6d.t \Just published. 

202. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 
Comprising an Historical Sketch and Description of the Locomotive Engine, 
by G. D. Dempsby, C.E. ; with large additions treating of the Modem Loco- 
motive, by D. Kinnear Clark, MJ.C.E. 3s.t [Just published. 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler Work and Tank Work, with Rules for the 
Evaporated Power and the Horse Power of Steam Boilers, and the Propor- 
tions of Safety- Valves ; and useful Tables of Rivet Joints, of Circles, 
Weights of Metals, 8cc. By John Courtnby, Practical Boiler Maker. 
Edited by D. K. Clark, C.E. 100 Illustrations. 2s. {Just published^ 



The t indicates that these vols, may he had strongly bound at ^>d. extra. 
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SHIPBUILDING, NAVIGATION, ICARIHE 

ENGINEERING, ETC 
51, NAVAL ARCHHECTURE, tb« Radaaests of ; or » Ezpasi- 

ca.*»!s to Natal O>cr:r=ctios. C«ai^ued ibr tite Use •£ Be^iKBas. ^ 
1a«k» Pkakx, Sclciol of XarvaJ Arck&tectKTP, HJC D ccljAr tl, ff\Mtiiwifc 
rnrirA L&i^im, a^mrutd^ witS^Kaso and I>ia ^at , js. 6d4 
53», 5////'5 ^O^ OCEAN AND RIVER SERVICE^ JEkmcnfaiy 
a«4 Practical Friaoples o< tfae CoBstracticMi o£. Br Hakov A. Soaxn- 
rcLXfT. Sorr^jor of tJbe Kojal Xorwexian Xarj-. Wi^ aa i>ii|h ajji is.6d. 
53«», AN ATLAS OF ENGRAVINGS to mmiHaXit tiieai»«cl Twehe 

larjf*- Mfi'.nz piat««, RojraJ 4to, ckydi. 7s. 6d. 

54, MASTING, MAST'MAKING, AND RIGGING OP SHIPS, 

Hudimfrtitity Treatise on. Also Tables of Span, Riggimg, BlodEs; Chain, 
Wire, and Hemp Kope«, ice., rdatire to everj class of vessels. WiA aa 
Appefi^ix of Dmessions of blasts and Yards oltlie Royal Na^. By Robcxt 
KifrtfO, yi.A. Foorteentb EditioB. Illiutrated. »%^ 
54*, /AC/iV SHIP-BUILDING. \^lth Practical Examples and Details 
for tlie Use of Ship Owners and Ship BoildeTS. Bj Johx GsAirTBAit, Con- 
soltiog Rneineer and Naval Architect. 5tii Edition, with Additions, as, 

54»«. AN ATLAS OF FORTY PLATES to IDostrate the aW. 
Fifth Kditioa. Inclodinr the latest Examples, such as H JC Steam Frieates 
"Warrior," " Hercolesr* " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating I>ocfc, &c., Sec. ^o, boards. 38s. 

55. THE SAILOR'S SEA BOOK: sl Rndimenbuy Treatise on 

Navid^ation. Part I. How to Keep the Log and Work it oft Fart II. On 
Finding the Latitude and Longitode. By James Grkexwood, BJi. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing; the International (Commercial) Code of ^gnw:tiie Rnle of the 
Road at Sea ; Rockrt and Mortar Apparatus for Saving Life ; the Law of 
Storms : and a Hrief Dictionary of S^ Terms. With nimMroas Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and mach enlarged 
editUm. hyW. H.HoKSEH. 2s. 6d4 [3hut ^blisAed. 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robbrt Murray, C.E., 
Knginccr-Survej^'or to the Board of Trade. With a Glossary of Technical 
T«rms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated, is.t 

%lbis. THE FORMS OF SHIPS AND BOATS: Hints, Experiment, 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised,with numerous Illustrations and Models is.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attcmnts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 
BclfaKt College. Illustrated. 28. 6d. 

lOO*. TAJiLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J, R. 
YoiiNO. IS. 6d. 

106. SHIPS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 

With Draughting, and the Centre of Effort of the Sails. Also, Weights 

and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c. &c. 

Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N.A., 

Sail maker. Qu.iyside, Newcastle. Illustrated. 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MKRCANTILIC NAVIES. By a Practical Enginbbr. Revised by D. 

F* M'Carthy, late of the Ordnance Survey Office, Southampton, is 

5c PRACTICAL NAVIGATION, Consisting of The Sailor's 

^ Sea-liook, By James Gkkknwood and W. H. Kossbr. Together with 

^rt- the requisite Mat\\CTt\at\ca\ av\A Nautical Tables for the Working of the 

^'^T* Problems. By Hunry V.KVJ , C .^., a-xv^ "^ . V.. Xo\skg, formerly Professor of 

Mathematics in BcUaat CoUe^e, \\\^x^\xaXft^^vCaT^^T^w^^ Engrav- 

inffs and Colou red P\atea. is. ^ltotvR\>i\va\l->ao>^T.^NTv\^^K>afex>^^ ^^^^^^ 

Thi' t indicaies t hat these vols, may be had strongly bound at^, extra> 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY, for the Use of Beginners. By Professor George 
FowNBS, F.R.S. With an Appendix on the Application of Chemistry to 
Agriculture, is. 
• 2. NATURAL PHILOSOPHY, Introduction to the Study of; for 
the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY ; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions bjr R. Sabine, C.E., F.S.A. is. 6d. 
7», GAL VANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabine, C.E., F.S A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Ma^etical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," 8cc., 8cc. With 165 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

withDescriptionsof some of the Apparatus. By R. Sabinb, C.E., F.S.A. 35. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

Tomlinson. Illustrated, is. 6d. 
72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L,S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. 
6s. 6d. Cloth boards, 7s. 6d. 
79**. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, 8cc. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on " Spectrum Analysis." Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodjmamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of , Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3s.t 

143, EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of theModemTheoryof Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, parUy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8cc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's *' Rudiments of 

J - - Geology." By Ralph Tate, A.L.S., F.G.S., &c., &c. Numerous Illustra- 

' T"* tions. In One Volume. 4s. 6d.t 

183. ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

" formerly Professor of Natural Philosophy and Astronomy in University 

College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., clotK V^o,^^^. 







Sold also in Two Paris^ as follows : — 



Animal Physics. By Dr. Lardner. Pattl., Ocva-^lex^V-^^-^^;,^,,^ .j^. 
Animal Physics. By Dr. Lardner. TatV,\l., C\\^^\.et^^ vSAr--io»j^:_:L 
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MINING, METALLURGY, ETC. 
117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.$ 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Wooacuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD, A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 6d.t 

135. ELECTRO-METALLURGY ; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. Seventh Edition, revised, with important addi- 
tions, including the Electro-Deposition of Nickel, &c., &c. Woodcuts. 
3s.t [J us f published, 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes by, which they are manufactured ; their Special U^es, Applica- 
tions, Qualities, and Efficiency. By William Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d.t 
1 72*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. 4s. 6d. ; 
cloth boards, 6s. 

176. METALLURGY OF IRON, a Treatise on the. Containing 
History ot Iron Manufacture, Methods of Assay, and Analyses of Iron Ores, 
Processes of Manufacture of Iron and Steel, &c. By H. Bauerman, F.G.S. 
Fourth Edition, enlarged, with numerous Illustrations. 4s. 6d.t 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. Fifth Edition, revised 
and enlarged. With numerous Illustrations. 3s. 6d.t [Just published, 

195. THE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintern, Mining and Civil Engineer. With 
four Plates of Diagrams, Plans, 8cc. 3s. 6d.t 

214. A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., Mining 
Engineer, 8cc. With numerous Illustrations and Folding Plates. 3s.t 

■ _ . ijusl published. 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 

Students and Amateurs in Architecture, Painting, &c. By Gborgb Pyne, 
Artist. Woodcuts. 2s. 

40 GLASS STAINING; or, The Art of Painting on Glass. From 
& the German of Dr. Gbssert. With an Appendix on The Art of Enamel- 
^j LING, 8tc. ; together with The Art op Painting on Glass. From the 
^ • German of Emanuel Otto Fromberg. In One Volume. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 

cises and Lessons. Written and Selected from the Best Masters, by Charles 

Child Spencer, js. 6d. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 

Painting on Ivory, Vellum. Potter>', Enamel, Glass, &c. With Historical 

Sketches of the Progress ot the Art by Thomas John Gullick, assisted by 

John Times, F.S.A. Fourth Edition, revised and enlarged, with Frontispiece 

and Vignette. 5s.t 

lU. A GRAMMAR OF COLOURING, applied to Decorative 

Painting and t"he Arts. "By G^o^gi. Field. New Edition, enlarged and 

adapted to the Use oi t\ve OttvameTvtaWaATvtet ^.tv^ "Ocslgner. By Elus A. 

Davidson, Author oi " IiTa.vi\Tvs ^ot Cax^ex^tw^r ^'i. ^VOfcv two ne« 

Coloured Diagrams atvd TvumetovLS ¥,Tigta.N\T^^^ oxvN^ qc^^. ^^.^ 
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AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By 

G. Drysdalb Dkmpsby, C.E. [AVw Edition in preparation. 

66. CLAY LANDS AND LOAMY SOILS, By Professor 

PONALDSON. IS. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER, for ascertaining at sight the value of any quantity of Com, 
from One Bushel to One Hundred Quarters, at any given price, from £x to 
£5 P^i* Qr* With approximate values of Millstones, Millwork, &c. is. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

MoDKRN Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. Outlines of Modern Farming.) By R.Scoit 
Burn. Woodcuts. .\s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
of Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. ^. Outunbs of Modern 
Farming.) B^ R. Scott Burn. Woodcuts. 2s. oid. 
%• Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled " Outunes of 
Modern Farming.** JBv Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spoonbr, M.R.V.C, 8cc. Fourth Edition, 
considerably enlarged; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the management of them 
all the year round. By George M. F. Glknny, Editor of ** Glenny's Illus- 
trated Garden Almanack," and Author of " Floriculture," &c. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organi- 

zation of Farm Labour: Treating of the General Work of the Farm: Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour ; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert Scott Burn. Numerous Illustrations. 2s. 6d.t 

[Just Published. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands on the Estate ; Peculiarities of its Farms ; 
Methods of Farming; the Setting-out of Farms and their Fields; the Con- 
struction of Roads, Fences, Gates, and the various Farm Buildings ; the 
several Classes of Waste or Unproductive Lands ; Irrigation ; Drainaee, 
Plantation, &c. By R. Scott Burn. With numerous Illustrations. 2s. 6d.i 

[Just published. 
%* Nos. 207 &* 208 in One Vol., handsomely half -bound, entitled " Outlines op 
Landed Estates and Farm Management." By R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR : 

Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c. ; with numerous Illus- 
trations of Grafting, Layering, Budding, Cuttings, &c.. Useful Implements, 
Houses, Pits, &c. By Samuel Wood, Author of" Good Gardening.*' 2s.1: 

[Just published. 

210. THE TREE PRUNER : Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation, with 
the Best Method of bringing Old and Worn-out Trees into a State^ of 
Bearing ; also treating of the Pruning of Shrubs, Climbers and Flowering 
Plants. With numerous Illustrations. By Samuel Wood, Author of " Good 
Gardening," &c. 2s.t L7««< f-ubUsKeA, 

%• Nos. 209 <S>' 210 in One Vol., handsomely fial/-bound, entitled *^;J>k».^^^ 
Planter, Propagator and Pruny-il.'^ "Bv ^ k^^^^^ ^^^ • ^'^^*' ^^:— 

TAe t indicates that these vols, may he had strongly bound o-t^jlll!^!!^ 
7, STATIONERS' HALL COURT, l-T3T>OKt^ IftSX-^n "^^ 



10 weale's rudimentary series. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 
32. MATHEMATICAL INSTRUMENTS, a Treatise on ; in which 

their Construction and the Methods of Testing, Adjustine, and Using them 
are concisely Explained. By T. F. Heathrr, M.A., of the Royal Military 
Academy, Woolwich. Original Edition, in i vol., Illustrated, is. 6d. 
•»• In ordering the above , be careful to say, " Original Edition ** {No. 32), to distin- 
guish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students ; also ror Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.£. Illus- 
trated with Plates and Diagrams. 2S.t 

tl*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. tO;^x per acre, and 
Tables for the Valuation of Land, from is. to ;^i,oooper acre, and from one 
pole to two thousand acres in extent, &c., 8cc. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather) M.A. With 2x5 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. [In preparation* 

*^* The above three volumes will form a Complete Elementary Course op 

Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B^ J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J^ R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
gc*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipsley. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2S. 

86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

8q. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
"Logic. By Henry Law, C.E. 2s. 6d.t 

♦it* Sold aho separately, viz. .*— 

88. Euclid, The First Three Books. "ft^jU^^^x "Lk\N,e."S.. is. 

89. Euclid, Books 4, 5. 6. 11, 12. B^^^^^^^ ^^^nn,^.-^. ^^.^^. 
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WEALE'S rudimentary series. II 

Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
Kinf 's College School, London. A New £dition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College, ts.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, zs. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowlino, C.E. zs. 
•#• Orwiik ** The Elements of Plane Trigonometry" in One Volume, 2X. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, zs. 6d. 

I0i». MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S. [Reprintt'ng. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMERSHAM Cox, B.A. Illustrated, zs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, zs. 

loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOusR, F.R.A.S., &c. zs. 6d. 

105. MNEMONICAL LESSONS. — Geometry, Algebra, and 

Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 
Pbnvngton Kirkman, M.A. zs. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS, Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A^ late of the Royal 
Military Academy. Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, zs. 6d. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, zs. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Including—-!. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employ^ in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, zs. 6d. 
*^,* The above three volumes form^ an enlargement of the Author's original work. 
" Mathematical Instruments: their Construction, Adjustment, Testing, and Use, 
the Thirteenth Edition of which is on sale, price is. 6d. {See No. 32 in the Series.) 

x6S.iMATHEMATICAL INSTRUMENTS, By J. F. Heather, 

Z69. r M.A. Enlarged Edition, for the most part entirely re-wrftten. The 3 Parts as 
170.) above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoarb, C.E. With a 
Slide Rule in tuck of cover. 3s. t 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, S<^uare-sided, Octagonal- 
sided^ Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors^ 
Stonemasons, Architects, and others. By Ricka.«xv vX-^-^rt'spa, '\>KctS^ 
Edition, with valuable additions, i^^. ', sttoxvgXv \iOUTA YO-VsaJCcvRx > '^^» 

TAe t indicates that these vols, may he had strongly bo und at_^ A^_extTa^ 
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12 WSALS'S RTTDIMENTARY SERIES. 

Arithmetic, Geometry, Mathematics, etc., continued. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By Fif dor Thoman, of the Soci£t£ Credit 
Mobilier, Paris. 4s4 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing tiie various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, and an Examination and 
Discussion of the best Schemes for a Decimal Coinage. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. K. Young, 
formerly Professor of Mathematics in Belfast College. y&>X 

204. MATHEMATICAL r^^Z^^', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.t \Jusi published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING. METALLURGY, ARCH^- 
OLOGY, the FINE ARTS, 6-c. By John Wbalb. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 3s.;t 

112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. 2s.t 

Ii2». MANAGEMENT OF HEALTH, A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, B.A. zs. 
150. LOGIC, Pure and Applied. By S. H. Emmkns. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY. With 

an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By Francis Playford, Sworn Broker, is. 6d. 

153. SELECTIONS FROM LOCKERS ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 

James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers PrepcTring for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts, js.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, I)airy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housekbbpbr. 3s. 6d.) 

ig/^, HOUSE BOOK {The). Comprising:—!. The House Manager. 
112 By an Old HousBKEEPER. II. Domestic Medicine. By Ralph Goodino, 

Al.D. III. MANAGEMiiiiT 01B liuKL,TH. By Jahes Baird. In One Vol^ 

strongly half-bound. 6s. 



& 
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weale's educational and classical series. 13 
EDUCATIOX AL AM) CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 




5. Greece, Outlines of the History of; in connection with the 

Rise ot the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford. 28. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Third Edition, is. 6d. 
II*. Philologjy : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., <s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin' Brbnan. 
xyth Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, S|)anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By T. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborob E. Webster. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Primer, 3^. 



s, d. 
Fourth Standard ...12 
Fifth „ ...16 

Sixth „ ...16 

Lessons from the Bible. Part I. Old Testament, is. 
Lessons from the Bible. Part II. New Testament^ to 'wVivJa S&^«A^^ 
The Geography of the Bible, iox vers NoxmaCW^^^^;^* ?r^O\:^J ^^ 
Thornton Forstbr. is. ad. * J* Ot t\velv«o\w\s vcvO^aaN^^f^- •»• - 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, 8cc. By Alfred Elwbs. is. 6d. 

26. English- French Dictionary. By Alfred Elwks. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s.; 

cloth boards, 3s. 6d. *«* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col" 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological and J£z- 
planatory. By G. L. Strauss, Ph.D. is. 

41. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. Part I. English-German-French, is. 

42. German Triglot Dictionary. Part II. German-French- 

English. IS. 

43. German Triglot Dictionary. Part m. French-German- 

English. IS. 
41-43. German Triglot Dictionary (as above), in One VoL, 3s. ; 
cloth boards, 4s. *•* Or with the German Grammar, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwes. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol.1. Italian-English-French. 2s.6d. 

30. Italian Triglot Dictionary. By A. Elwks. Vol. 2. 

English-French-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 78. 6d. 

32. Cloth boards. , 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4S. ; cloth boards, 5s. %* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwks. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

[/« preparation. 

HEBREW. 
46* Hebrew Grammar By Dr. Bresslau. is. 6d. 
A^, Hebrew and English Dictionary, Biblical and Rabbinical; 
containing the Hebrew atvai CViaAdee Roots of the Old Testament Post- 
Kabbinical AVntings. Bv1>t.I\^tl^svk\s. fe^. %* Or with the Grammar, ys- 

46. English and Hebrew pVcUoTv^x;>j.^^;^x^^^E^^^^^ 3^. 
4^,46. Hebrew DicUonaT>f ^as ^\>oN^^,Yu'l^oNO.^.,^^x.e^V.>,^,>«ttb 

46*. the Grammar, clotViboards^jiM. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elemental^ 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; toother with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. xs. 6d. 
20,22. Latin Dictionary (as above). Complete in One VoL, 3s. 6d. ; 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 
i( Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Youno. xs. 

2. Gsesaris Commentarii de Bello Galileo. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et G«orgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Youno. xs. 6d. 

5. Virgilii Maronis ^neis. With Notes, Critical and Explanatoiy, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L, formerly Scholar ot Brasenose 
College, Oxford. 3s. 

5* Part X. Books i.— vi., xs. 6d. 

5** Part 2. Books vii.— xii., as. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, xs. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGO Smith, M.A., F.R.G.S. xs. 6d. 

8. Sallustii Crispi Catalina et Bellum Tugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. xs. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, MA. xs. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. as. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Daviss, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. xs. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. "With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. liivy ; History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part x. Books i., ii., xs. 6d. 

!&*, — Part 2. Books iii., iv., v., is. 6d, 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, TibuUus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitnivius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Mazlmus Sueto- 
nius, Apuieius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena. axA.'ScAs&^s^'^*"^*^' 

EscoTT, B.A., Lecturer on Logic at Klng^s Co\\ege,\-oTi^oiQ.. '»» 

7, STATIONER^ HALL COURT, LXTDOKT^ ^\\A.<> ^"^ 



l6 W£ALE*S EDUCATIONAL AND CLASSICAL SERIES. 



GREEK. 

14. Greek Grammar, in accoitiance with the Principles and Philo- 
logical Researches of the most eminent Scholars of oar own day. By Hans 
Clauob Hamilton, is. 6d. 

[5,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. i. Greek-English, 28. ; Vol. 2. English- Greek, 2s, Or the 
Two Vols, in One, 4s. : cloth boards, 58. 

14,15. Greek Lexicon (as above). Complete, with the Grammab, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS, "^th Explanatory Notes in English. 

I. Greek Delectus. Contaming Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 

Edition, with an improved and enlarged Supplementary Vocabulary, by John 

Hutchison, M.A., of the High School, Glasgow, is. 6d. 

2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part x. Books i. to iii., 
IS. Part 2. Books iv. to vii., zs. 

4. Ludan's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory^ drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Lbaky, M.A., D.C.L. 

Thb Iuad : Part z. Books i. to vi.j zs.6d. Part 3. Books xiiii to xviii., is. 6d 

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6d. 

Thb Odyssby: Part i. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Booksvii.toxii., is.6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes. Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part I. Books i., iL (The Clio and Euterpe), 2S. 

Part 2. Books iii., iv. ^The Thalia and Alelpomene), 2S. ' 

Part 3. Books v. -vii. (The Terpsichore, Erato, and Pol3rmnia), 28. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: OEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milnbr, B.A. as. 
23. Euripides : Hecuba and Medea. Chiefly from the Text of DiN* 

DORF. With Notes, Critical and Explanatory, by W. Brownrigg Ssutb, 

M.A., F.R.G.S. IS. 6d. 
26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatoiy, by John Milnbr, B.A. is. 6d. 
30. >£schylus : Prometheus vinctus : The Prometheus Bound. From 

the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 

by the Rev. James Davibs, M.A. is. 
32. -^schylus : Septem Contra Thebes : The Seven against Thebes. 

From the Text of Dindorf. Edited, with English Notes, Critical and Ex* 

planatory, by the Rev. James Davibs, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Wbisb. With Notes, by C. S. T. Townshbnd, M.A. is. 6d. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

Young. Book i. is. - ,, -kt m. « 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. ¥.W.>niti. w.6d. , , 

>f 2 n/»mrkctliPY\GS. T\ve OTa.\\oTi. oxv. xxi^Cxo'ira. and the Philippics. 
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